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The Development of the 
Electric Railway Car 


REATER changes have been introduced in 

the design and equipment of electric rail- 

Way passenger cars during the last five 
years than in any other similar period in elec- 
tric railway history. Many radical experiments 
have been made—especially in 1912, which saw 
the first extended attempts to break away from 
the till-then standard car body with a high 
floor and end platforms—and the influence of 
these innovations appears in the practical revo- 
lution in car design that is under way at the 
present time. So great a variety in apparatus 
and arrangement has, in fact, been set before the 
industry that there is obvious need to summarize 
recent developments in the art and, by taking stock 


of the existing situation, to select those things 
which give the most promise of permanent improve- 
ment in efficiency and sufficiency in operation. 

In the subsequent paragraphs, therefore, there 
have been collected data covering the major features 
of cars that may be considered as representative of 
the present trend in construction. The illustrations 
that accompany the text have been arranged to show 
in most cases dimension drawings as well as photo- 


graphic reproductions, and when the two are shown 


for any particular car both appear upon the same 
page over a single title. A comparison of these 
various cars will, no doubt, display to good advan- 
tage the great divergence in ideas that has been a 
feature of recent practice in design and equipment. 


Among these developments, however, there stand 
forth three general characteristics which constitute 
very definite tendencies in modern car design and 
which, therefore, must receive primary considera- 


tion. These apply not only to cars for city service, 
but to those used under high-speed operating condi- 
tions as well. They are, first, provision for the 
greatest possible convenience to the riding public; 
second, light weight, and third, steel construction. 


PUBLIC CONVENIENCE 


The first of these general characteristics appears 
most prominently in the remarkable access of 
popularity that has been granted within the past 
year to the “low-floor” principle for city cars. 
During 1915, the representative orders for cars 
with low floors totaled actually greater than those 
for city cars with floors at the originally common 
height. Here the underlying idea has been to re- 


lieve entering passengers of the labor of mounting 
excessively high steps, thus decreasing passenger 
interchange time, but it might well be noted that 
the low-floor designs also offer very distinct advan- 
tages in weight reduction. 

The feature of providing for public convenience 


appears also in the growth of the center-door 
idea, or of modifications of it, that has taken place 
since 1912, this being exemplified by the fact that 
in the total number of cars built during 1915 for 
representative interurban and city services, roughly 
one-third made use of the center door in some form. 
Each one of the center-door designs has been based 
inherently on greater public convenience, the aim 
having been in all cases to provide easy access to 
the car body, greater seating capacity and shorter 
average distances between the entrance and exit 
and the seats. These qualities were realized with 
the plain center entrance as originally brought out, 
but in city service, unforeseen difficulties have since 
made their appearance, and here, again, the problem 


‘of public convenience has impelled designers to 


make changes, resulting in modifications of the 
plain center entrance which have been common to 
practically all recent motor cars of this type. 

In interurban service the plain center entrance 
does not suffer from the same handicaps that it car- 
ries in city service, and its development has been 
along lines that are quite similar to those originally 
suggested. For rapid transit equipments a modifi- 
cation of the center-entrance principle, which con- 
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sists in having three doors in each side of the car 
and which has definitely become standard practice 
in such service, has been developed solely to provide 
greater ease and rapidity in loading and unloading. 

To the same end has been the practically uni- 
versal adoption of the prepayment system of fare 
collection in city service. With this has come the 
fully-inclosed platform having folding doors and 
steps to eliminate boarding and alighting accidents 
—a most important development. At the same time, 
but for converse reasons, the open car has become 
moribund. This may be said, as well, of the fully- 
convertible car, although the reasons for its demise 
are structural rather than operating, and hence the 
semi-convertible designs, or those in which’ the 
sash may be removed or raised completely out of 
the way to leave a clear opening above the belt rail, 
serve as the only examples of equipment that has 
been constructed especially for summer service 
within the last two or three years. To public con- 


venience, also, the trail car has been sacrificed in so 
far as regular city service is considered, the riding 
public being unwilling to put up with the decreased 
schedule speeds necessitated by the increased num- 
ber of stops made by the double units of a two-car 
However, the skip-stop has made the trailer 


train. 


commercially possible in several cities, and for this 
reason it is not to be expected that the field for the 
trail car is altogether closed. 

Similarly, the double-deck car, which was revived 
in 1918 with the expectation that it might aid in 
solving the service problem in congested districts, 
has been found to be too susceptible of dragging 
schedules, and at the present time its direct antith- 
esis, the one-man car, has developed popularity to 
a certain degree. Judging by the existing indica- 
tions, however, there is little reason for supposing 
that, in the majority of localities, the public may 
be better served by cars having capacities widely 
different from those now common in city service. 
But in any event, as may be seen from the fore- 
going brief résumé of the status of development 
during the last five years, the factor of public 
convenience is going to dominate absolutely the 
success or failure of any general type of car. 


LIGHT WEIGHT A UNIVERSAL TENDENCY 


Next to convenience for the riding public, -the 
characteristic of most importance’ that is common 
to modern electric railway cars is light weight, the 
extent of this tendency being shown by the weight 
reduction of at least 20 per cent that has taken 
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place during this same five-year period in the case 
of city cars of customary size, or say, 45 ft. long. 
The agitation in favor of light cars, of course, 
antedates this period by several years, and recogni- 
tion has long been given generally to the savings ef- 
fected in energy consumption, maintenance and (in 
the case of steel construction) first cost. Yet the 
definite establishment of the light car as a practical 
accomplishment was almost coincident with the in- 
auguration of the several radical new designs of 
the year 1912, all of the original low-level cars being 
characterized by weights which were then consid- 
ered extraordinarily low. The Brooklyn center- 
entrance car, for example, weighed about 38,000 lb., 
and the New York “stepless’”’ design about 36,000 
lb., while the modified Pittsburgh “low-floor” car, in 
its final form with center-entrance and end-exit 
doors, weighed 35,600 lb. The end-entrance Chi- 
cago Railways car of the following year weighed 
35,350 lb. Subsequently there were brought out the 
end-entrance New Orleans car weighing 35,580 lb., 
the low-floor, California-type car of the United 
Railroads of San Francisco, weighing 33,500. lb., 
the Des Moines front-and-center-door, single-end 


car weighing 33,000 lb., all of these being listed in 
Table_I. Among the still more recent equipments 
appear the Buffalo & Erie flush-platform, two- 
motor, 45-ft. car which has a scale weight, when 
equipped for double-end operation, of 31,750 Ib., and 
even this figure has been passed by both the four- 
motor, 41-ft., double-end car of the Wilmington & 
Philadelphia Traction Company, which has a scale 
weight of 30,540 lb., and the four-motor, 50-ft. 
single-end, Rochester car weighing 30,570 lb. 

Some of this rather remarkable saving in weight 
has been effected by improvements in the design of 
body and by the increasing use of steel construction. 
However, the major part has come through the use 
of small wheels with trucks and motors of corre- 
spondingly reduced size. The five last-mentioned 
cars, for example, are all equipped with wheels of 
either 24-in. or 26-in. diameter. Three of them have 
the 30-35-hp. “low-floor’” motor that was brought 
out originally on the Pittsburgh Railways in 1912, 
and the Rochester and Wilmington-Philadelphia cars 
have a new type of small motor rating 21-25 hp. and 
weighing only 840 lb. 

The double-truck car is, of course, so much more 
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numerous in city service than single-truck designs 
that its trend of development may fairly be said to 
represent the tendencies of the industry. Neverthe- 
less, the modern single-truck car has acquired, of 
late, a material increase in popularity, and to make 
the record complete Tables II and III have been pre- 
pared, these showing the major features of a num- 
ber of recent single-truck cars and of several of the 
ultra-light designs that have come into prominence 
in connection with one-man operation. 

For cars in interurban service the opportunity 
for such direct weight comparisons as the foregoing 
is very limited. This is largely due to material 
variations in width of car body and in motor equip- 
ment, and also because of the practical impossibility 
of drawing any definite line of demarkation between 
interurban operation and suburban runs on the one 
hand and electrified steam railroad service on the 
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other. Suburban equipment may be said to in- 
clude cars up to about 50 ft. in length which are 
capable of operation up to 50 m.p.h. and which || 
have, generally speaking, no compartments or 
divisions of the car body. Good modern examples | 
appear in the 51-ft., center-entrance cars of the | 
Washington & Virginia Railway and the Cleveland | 
& Erie Railway, although the latter has a two- 
compartment body. These cars weigh respectively 
58,000 lb. and 56,180 lb., and while the figures are | 
considerably greater than would be expected for 
city cars, they are also much below those that would 
be considered possible for normal interurban sery- 
ice, one reason for the latter difference being the | 
use of four 50-hp. motors on each of the cars in | 
question and a definite limitation of maximum | 


Taste I—Weicurs anp Dimenstons or Recent Dovusiy-Truck Cars 
ror Crry Sprvice 


n | i : { 
| Length Seating | Wheel | 
Weight, over capa- | diam- 
| pounds bumpers, city, eter, Motors Remarks 
| ft.-in. body= ta-ne! |} 
\ | | 
| | 
Wilmington &| | | 
Philadelphia} 30,540 | 41-0 44 | 26 |Four 21-25 hp. Drop platforms. 
Rochester. ..| 30,570 | 50-0 52 26 Four 21-25 hp.|Front-entrance, 
| Center-exit. 
Buffalo & | | | 
MOSS .'s 2s 31,750 | 45-114 48 24 |Two 30-35 hp. Flush platforms. 
Des Moines... 33,000 | 45-0 51 24 =| Four 30-35 hp. Front and center 
| doors, Single- 
| { end. 
San Francisco, 34,180 | 47-0 50 24 | Four 30-35 hp. California type, 
\ | End-entrance. 
Chicago Rail-| | 
ways.......| 35,358 | 48-5 | 53 | 32 |Two 50-60hp. Drop platforms. 
New Orleans.) 35,580 . 47-8 | 52 | 30 |Two 55-65 hp, Drop platforms. 
Pittsburgh...; 35,600 45-0 jnaredis awed Four 30-35 hp, Center-entrance, 
} | Front-exit. 


speed. On the border line of interurban service _ | 
: | 
may be cited the Cleveland & Eastern, 54-ft., end- || 
Tasty I1—WeicHts anp Dimensions oF Typicau. Sincun-Truck Cans | 
EeaEs eS ea CD DFE a siete se 
| 
| Length | Seating | Wheel Motor | | 
Weight, | over capa- | diam-  horse- | Wheel- | 
pounds |bumpers,| city, eter, power. base, Trucks || 
| ft.-in. body in. hp ft. | i 
Union Ry., | 
New York | 24,000 | 35-0 37 24 30-37 | 10 |Non-Parallel- i} 
City | Axle. ; \ 
Bangor, Me.| 26,000 | 33-0 42 28 33-40 | 15 Single-Radial- Hi 
ent. Ent Axle. | 
Toronto Ci- i} 
vie Railway] 29,400 | 34-816 32 338 | 40-50 | 8 \Rigid-Axle. \| 
Albany... 22,000 | 33-4 32 | 30 | 3340, 8  [Rigid-Axle. | 
Marshall, | } | 
Texas.....| 23,900 | 33-5 32 33 40-50 8% |Rigid-Axle. 
Newport t ; 
News...... 20,850 | 35-0. 44 26 30-35 15 Single-Radial- | 
Cent. Ent . | Axle. | 
Austin, Tex- 
DE cartes 24,000 | 35-1 36 33-25-30 9 soars arallel- 
Axle. 
Reading 22,000 | 31-7 32: | 33 30-35 8 Rigid-Axle. | 
t | : | 
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entrance, two compartment car which weighs 59,400 Tasip I1]—Weieuts anv Dimensions or Utrra-Licut Cars 
i ror One-Man OPERATION 


Ib. when fully equipped with four 65-hp. motors, and ~~ ai PEST Scenes 
following this is the Cleveland, Fostoria & Findlay Wee ee eae 


three-compartment car, which is 56 ft. long and Pounds PUREE, aoa a Micto ee |e Dees near 


weighs 68,000 lb., the equipment being four 75-hp. : | 


motors. Puget Sound} 10, — p ne 21-25 hp. Single- 
Modern cars that may be definitely classed as ae 
interurban are grouped in accordance with their ~ Bs ; seta pei ce 
weights in Table IV which, at first sight, gives the | oe 
impression that the weight of modern interurban  Railways..| 12,200 2 'Two 8 hp. 4 \Center- 
equipment lies within the close range of between | eo 
80,000 Ib. and 85,000 Ib. To the extent that this  sedalia, Mo. 13,900 |; 24 Two 21-26 hp. End Plat 
table demonstrates the passing of the day of the Austin, Tex-| | ne 
50-ton and 60-ton interurban car, the impression ~ eee ies ee: ee 
that it conveys may be considered as correct. In ek = 
general, however, the close agreement of these car 
weights must be ascribed largely to chance. The 
motors on the various cars, for example, range in 
capacity from 75 hp. to 160 hp., making a difference 


on this score alone of about 6500 lb., and although 


road service. As mentioned previously, there is no 
definite line to be drawn between this service and 
the true interurban, and, as a matter of fact, the 
Lake Erie & Northern car appearing in the list of 
interurban equipments is really operating over an 
the heaviest car is also the longest and the widest o)q steam line. Generally speaking, the difference 
one, the car next to it in the list is the narrowest, between the two classes of equipment is one of 


the reduced width making a difference equivalent jength, width and buffing strength. While inter- 
to about 4000 Ilb..in weight. The sum of these two : 


figures makes a possible variation that is consid- 


urban cars seldom are much more than 60 ft. 
length and 9 ft. in width, the steam railroad stand- 


erably in excess of the entire range of weights ap- ards call for lengths between 65 ft. and 70 ft. and 
pearing in the table, and if consideration should be 

ae +0 vee eeu. ae ye Ges eS MUS fel Taste [V—Weicurs AND Dimensions or TypicaL INTPRURBAN Cars 
that might influence a comparison, the arrangement : = 
of the list would be completely changed. Judged Length | Width 


over | Seating Bane 
oO 


on the basis of weights of older interurban cars, Weight, belt | capa- 
pounds : rails, city | motors. 


however, the table shows very definitely that there sin. | ft-in. 
is a trend toward lighter equipment in the case of 
1 1 Lake Erie & Northern........| 80,125 
interurban railways. Annapolis Short Line. , .| 80,300 


i K.C.0.C. & St.J -| 81,000 
However, modern cars that weigh more than 50 Wiles Bare & Huloion, | 81.900 


i i j Union Traction of Indiana... .| 85,600 
tons are being built, the field for them appearing — {inion Traction o| - 


in heavy electric traction, or electrified steam rail- 2S 
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for over-all widths that are in the vicinity of 
9 ft. 6 in. 

In consequence, the modern cars in services that 
may properly be classed as heavy electric traction 
are markedly heavier than interurban cars, even 
though they may be designed with the maximum of 
skill and care for details. An example will be 
found in the cars of the New York, Westchester 
& Boston Railway. These are 70 ft. long, seat 
seventy-eight passengers and weigh 119,000 lb. in- 
cluding 24,500 Ib. of single-phase electrical equip- 
ment which is required with the two 145-hp. motors 
that are used. The motor cars for the Long Island 
Railroad are somewhat shorter, being only 64 ft. 
long, and they seat seventy-two passengers and 
weigh 107,100 Ib., including two 215-hp. d.c. motors 
and other electrical equipment that weighs, alli 
told, 19,600 lb. The latter cars have been dupli- 
cated, except for the substitution of single-phase 
equipment, on the Philadelphia-Paoli electrification 
of the Pennsylvania Railroad. 

As opposed to the reductions in weight that ap- 
pear in the cases of recent city and interurban 
cars, the weights of rapid transit cars operated in 
elevated service have varied but little. One very 
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obvious reason for this has been that old elevated 
cars were constructed practically without regard 
for rigidity and only with the aim of producing 
the lightest possible structure. The 1915 all-steel 
car of the Chicago Elevated Railroad, for example, 
is 48 ft. long and weighs 70,500 lb., and these fig- 
ures are practically duplicated in the 1909 all- 
wooden design. The'latter, however, had neither 
center doors nor any margin of strength, both of 
which features are possessed by the more recent 
car. In the case of subway equipment, the very 
recent New York Municipal Railways car with a 
length of 67 ft., a width of 9 ft. 9 in. and a weight 
of 85,000 lb., has provided a marked decrease in unit 
weight in comparison with the earlier 51-ft. subway 
car of the Interborough Rapid Transit Company, 
which has a width of only 8 ft. 6 in. but has a 
weight of 77,900 lb. The 1912 subway car of the 
Boston Elevated Railway, however, did not differ 
very materially from the New York Municipal car, 
having a length of 69 ft., a width of 9 ft. 6 in. and 
a weight of 85,900 lb. 

The establishment of light weight as a charac- 
teristic of modern car design has been made pos- 
sible to a large extent by the introduction of steel 
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construction, and the latter feature is at the pres- 
ent time practically universal in all representative 
cars. Without exception, every one of the high- 
speed cars mentioned in Table IV is built through- 
out of steel, and of the eight representative city 
cars mentioned in Table I on account of their low 
weight, no less than five are of all-steel construc- 
tion, wherein the framing, posts, carlines and let- 
terboard, at least, are of steel, and in several cases 
the roof sheathing and floor sheathing as well. 
The remaining three city cars in the list are of semi- 
steel construction, in which steel is used up to the 
belt-rail and wood above that point. 


STEEL CONSTRUCTION 


For city cars, the development of all-steel con- 
struction, as opposed to semi-steel, has been re- 
markably rapid, the all-steel city car having been 
almost unknown four years ago. In the case of 
high-speed service, and especially for rapid transit 
operation, the development has been longer under 
way, and all-steel construction is now almost in- 
variably used. This has come about presumably 
because in no other way but by the use of an all- 
steel design can the necessary beam strength be 


provided between the long truck-centers of high- 
speed cars without absolutely going counter to the 
modern demand for light weight. In addition, the 
problem of providing sufficient rigidity of struc- 
ture to withstand the racking due to high speed is 
answered satisfactorily by the use of steel through- 
out. 

There is, of course, a reason for this character- 
istic of modern car design. With cars of equal 
strength, an all-steel construction will involve ap- 
preciably less weight: than will one of wooden con- 
struction, and since low weight is recognized as a 
feature of vital importance, all-steel construction 
follows as a corollary. The semi-steel car, as 
ordinarily constructed to-day, is approximately of 
the same weight as a similar all-steel design, so 
that, generally speaking, the use of steel through- 
out effects a saving only in the lower maintenance 
cost that is due to the inherently greater strength 
of the all-steel construction. As compared with 
all-wooden cars, the superior strength of an all- 
steel modern design is especially marked. Even 
without this advantage in favor of steel, however, 
it is safe to say that the recent change from wooden 
to steel construction would have taken place with- 
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out regard to the relative structural merits of the 
two materials, simply because the supply of suitable 
timber -is rapidly becoming exhausted and the in- 
evitably higher price would have been certain 
eventually to make its extended use a commercial 
impossibility. 

Estimates of car builders as to the saving in 
weight effected by a steel car built to give a degree 
of strength equal to that of any particular wooden 
car range from 5 per cent to 15 per cent. It is 
considered, moreover, that with two strictly com- 
parable cars, one built-of wood and one of steel, the 
steel car will have a materially greater life because 
of the tendency of wood to rot at the mortises and 
tenons. 

The first costs of similar cars built of wood and 
of steel under average conditions seem to be ap- 
proximately equal, or perhaps with a slight dif- 
ference in favor of steel construction, as estimates 
of car builders on this point range from zero to 
3 per cent. Unfortunately, no direct comparisons 
of cost are available. This is largely because of 


the fact that when any railway has decided to adopt 
steel construction, either throughout or in part, the 
design of the new cars has been changed sufficiently 


to prevent them from being directly compared with 
the older ones. Another consideration is that the 
cost of a wooden car varies materially in accordance 
with the weight or general character of its con- 
struction. For example, the cost of the labor in- 
volved in the framing of a wooden car that is 
designed with heavy timbers. is considerably less 
in proportion to the cost of the material than it 
would be if the car were constructed with the 
lightest possible timbers and with the weight re- 
duced to an absolute minimum. 

This difference may easily involve an increase 
of 20 per cent in the pound price of very light 
wooden cars over those of the old-style heavy con- 
struction, so that there may be little difference in 
the total cost of the complete car. With steel, how- 
ever, the pound price remains almost constant, and a 
light steel car will cost proportionately less than 
one of the same general dimensions but constructed 
with heavier steel members, the reason being that 
the labor cost of fabricating steel bears an almost 
direct ratio to the number and size of rivets re- 
quired to hold the various timbers together. This 
condition appears in specially marked form when 
the weight, of the car is reduced to the extremes 
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Front-Entrance, Center-Exit Design with Low Floor as Adopted in Rochester 


that are considered permissible for city service, 
and exceptionally light cars of steel may be made as 
much as 10 per cent lighter than the wooden ones 
at a cost that is actually lower by 6 or 8 per cent. 


MODERN TENDENCIES IN CAR EQUIPMENT 


The foregoing outline of the present status of 
the three major developments in car-body design 
points to a fairly definite set of characteristics for 
the modern representative car. In brief, these 
characteristics will include, in any event, an all- 
steel construction with a weight of but little more 
than 80,000 lb. for a 45-ft. body in city service, 
the latter calling in all cases for a low-floor design 
and, possibly, also for center doors in modified 
form. For interurban service a weight of 80,000 
Ib. for a 60-ft. body may be considered representa- 
tive, and there is much evidence in favor of the 
plain center-door arrangement, even though this 
is by no means in universal use at the present time. 

Representative modern equipment for the car 
displays a much more definite establishment of new 
practice than that which applies in the case of the 
car body alone. For city service the introduction 
of the low floor has brought several new designs of 
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motor in sizes such as 20-25 hp., 30-35 hp. and 33-40 
hp., all of which may be used with at least a 26-in. 
wheel, and for the same reason 24-in. and 26-in. 
wheels have become the rule, together with axles 
and trucks of correspondingly reduced size and 
weight. All of the new low-floor motors, together 
with the other recent designs of larger capacity, 
have been characterized by the use of interpoles to 
improve commutation, as well as ventilation to in- 
crease capacity, these two features alone reducing 
motor weights in the order of 30 per cent for a given 
rating. At the same time the use of field control 
and non-rheostat control for four-motor equipments 
have become practical possibilities that are capable 
of saving some 10 per cent of the current normally 
used in propelling a city car. 

Other exterior car equipment that may be classed 
as representative of modern tendencies appears in 
the emergency feature for the now almost univer- 
sally used straight-air brake, and as a result of the 
presence of air on so many city cars there has come 
the pneumatically controlled door and even air- 
operated fenders and sanders. Truck design also 
has been affected to a considerable extent, at least 
in regard to dimensions, by the introduction of the 
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small wheel, and it might be said here in regard to 
the latter that, within the past few years, there 
has been displayed, first, a tendency toward the 
use of the forged steel wheel and, later, a drift back 
to the use of cast iron. The same sort of a reversal 
of sentiment, but in a less definite form, appears 
in connection with the radial-axle truck although 
the four-wheeled car, in general, is unquestionably 
growing in popularity at the present time. In re- 
cent truck design, also, the built-up type of construc- 
tion, in which structural shapes are used in prefer- 
ence to forged members, is popular. 

In connection with equipment for car-body in- 
teriors the final establishment of the prepayment 
system of fare collection three or four years ago 
has brought, first, the fare box which is found so 
very generally on modern city cars, and second, the 
fully-inclosed vestibule with folding doors and steps 
that are frequently interlocked with the controller 
to prevent the car’s starting when the doors are 
open. In addition there is a very evident tendency 
to devote a constantly increasing share of attention 
to such detailed improvements as sanitary hand 
holds, light-weight, non-corrodible fittings, correct- 
posture seats and the like. Finally, to the equip- 
ment for heating, ventilation and lighting there 
have come the developments that are inevitable with 
improved understanding of the principles under- 
lying. the correct performance of these functions. 
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Thus, although the electric heater has changed i 
but little during the last five years, the introduc- 
tion of thermostatic control has greatly extended 
its scope, and within the same period the practically 
universal substitution of the arched roof for the 
monitor deck has resulted in the design of a num- 
ber of ventilating devices with an efficiency that 
even warrants their introduction on old cars in 
place of the ventilating sash in the monitor whose 
abolition (for structural reasons) originally brought 
them into existence. In the same way, car lighting 
has been revolutionized by the development of the 
high-efficiency lamp, and practice in this regard 
seems actually to be approaching a definite stand- 
ard involving the use of a few large lamps having 
glass reflectors to diffuse all except the practically 
vertical rays. 

These changes in car equipment have, perhaps, 
been less spectacular than those involved in recent 
car-body designs. Nevertheless, taken all together, 
their influence upon operation cannot fail to be of 
great importance. Indeed, when they are considered 
in combination with the changes that have been 
incorporated in the modern car body, there is war- 
rant for the question whether, without the revolu- 
tionary developments of the last five years, it would 
have been possible for the industry to have sur- 
vived the constantly rising costs of labor and ma- 
terial throughout the electric railway field. 
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The Car Body 


From an Operating Standpoint 


Recent representative cars have been characterized by the use in city service of small wheels and ramps, 
reducing floor heights approximately to 30 in. and permitting weights of 15 tons for double-truck city 
cars. The center door, in its original form for interurban service but modified by combination with a front 
entrance or exit for city equipment has also become prominent, appearing in about one-third of all latest 
designs, the remainder having fully-inclosed end vestibules that approach standard dimensions. 


HIEFLY involved in the all-important 

problem of serving the public to the best 

advantage is the factor of car-body design 
from the standpoint of operation, which, in other 
words, involves the body arrangement irrespective 
of structural considerations. This necessitates dis- 
cussion of a number of features, which are sus- 
ceptible of being classified as floor height, door 
arrangement and interior arrangement. 

Of these, floor height appears to be the most 
important at the present time, because its develop- 
ment as a problem in car design has been more 
definite than that of any of the others. It may, 
in consequence, properly be placed first in order 
of consideration, although it is only in city service 
that the low-floor idea has been a feature of para- 
mount interest up to the present time. 


REDUCED FLOOR HEIGHTS A FEATURE OF 
MopDERN CITY CARS 


The low-floor idea had its real inception in 1910 
when a large number of center-entrance trail cars 


with wheels only 22 in. in diameter were placed in 
service in Pittsburgh. This design was developed 
primarily for the purpose of providing large seating 
capacity in a unit of relatively small weight, in order 
to reduce the work of the motors on the car that had 
to haul it. Thus, the seating capacity was sixty-two 
and the weight only 22,300 lb. The floor was 30 in. 
above the rail and was reached by means of an 
interior step 16 in: above the rail, which was 
covered by folding doors when the car was in mo- 
tion, the arrangement being devised to furnish 
the equivalent, in so far as boarding and alighting 
facilities were considered, of the vestibule floors 
of the standard Pittsburgh motor cars. Exper- 
ience with these trail cars demonstrated their num- 
erous advantages, especially their easy-access fea- 
tures, and soon after they were placed in service it 
was decided to experiment with one of them in op- 
eration as a motor car. 

Serious obstacles, however, presented themselves 
in connection with the provision of electrical equip- 
ment. The heavy grades and severe schedules in the 
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- minimum motor size that was 
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city of Pittsburgh necessi- 
tated the application of a con- 
siderable amount of power, 
notwithstanding the light 
weight of the proposed car, 
and even with four motors the 


considered feasible was 30-35 
hp. Unfortunately no then- 
existing motor in this capac- 
ity, of either the mining, 
automobile or railway type, 
could be mounted on axles 
with 22-in. wheels and yet give sufficient clear- 
ance to pass over obstructions on the street, so 
that although there was some skepticism as to pos- 
sibilities, both commercial and operative, for a mo- 
tor of the required dimensions, the development of a 
new design was undertaken by the Pittsburgh Rail- 
ways Company. 

-The new motor was designed absolutely along 
standard lines except that it was provided with 
commutating poles, which previously had not been 
applied to motors of such small capacity as 30-35 
hp. Also, the core length was somewhat increased 
and the diameters of both armature and frame 
were very materially reduced. This enabled it to 
be carried upon a 22-in. wheel with 214-in. clear- 
ance or upon a 24-in. wheel with 31%-in. clearance. 
Owing to conditions in Pittsburgh, the latter clear- 
ance was considered to be the limit, and when the 
original “low-floor” car was placed in service in 
1912, it was provided with 24-in. wheels. 

DEVELOPMENT OF LOW-FLOOR TYPES 

The floor of this original car, it may be said, was 
made perfectly level and without wells or ramps, 
except for a small transverse incline from the top 
of the step to the center line 
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they just clear the axles of the pony wheels, and 
the provision for allowing the pony wheels to swing 
on curves is made by locating them underneath 
stationary transverse seats placed in such a position 
in the car body as to provide for a narrow aisle 
between them. A ramp extends between the en- 
trance space and the ends of the car body, provid- 
ing for a floor height at the entrance doors of only 
104% .in. The motorman is located in an elevated 
cab that clears the motors and the large wheels of 
the truck at each end of the car. 

The other low-floor car brought out in 1912 
was developed by the Brooklyn Rapid Transit 
Company, and in this design, also, use was made 
of maximum-traction trucks with the small wheels 
pointed toward the center of the car, but no radical 
departure from the customary framing arrange- 
ment was introduced. The car floor is level between 
the bolsters and the ends, while a ramp extends 
from each bolster to a well at the center of the 
body, this well serving as a loading and fare-collec- 
tion space. Only one step is thus required between 
street level and the well floor, but there is, of course, 
another step from the well floor up to the main floor. 


of the floor, and in this re- 


spect, it was wholly different 


from the two other low-fioor 


designs that were placed in 
service also during 1912. Of 


the latter types, one was the 
center-entrance “stepless” 


car of the New York Rail- 
ways. 


In the stepless design the 


floor height is reduced by 


E = 


mounting the car body on 
maximum traction trucks 
placed with the small wheels 
headed toward the center of 


Fare Box S 
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the car. The longitudinal 
members of the car floor are 


Exit 
Entrance 


carried on the low center 
plate of each truck so that 


Single-End, Two-Compartment, One-Man Car for Quincy 
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A considerable number of both the New York and 


Brooklyn types of the low-floor car have been placed 
in service in their respective cities, the Brooklyn 
design being used also on several other properties, 
notably the Manhattan & Queens Traction Corpora- 
tion—a new company that has adopted the design 
as standard—and also the Manila, P. I., city lines. 

With the original Pittsburgh design, however, a 
short period of trial operation, together with ex- 
periments with modified designs, resulted in im- 
portant changes that consisted in the adoption of 
a front-exit door in addition to the entrance and 
exit doors at the center. In this modified form, the 
type has been perpetuated in large numbers in 
Pittsburgh, and, of late, in other cities. 

Taken together, these three cars constitute 
a group of particular importance, because their 
widely diversified arrangements incorporate every 
important feature that appears in later modifica- 
tions of the low-floor idea. However, no other devel- 
opments of the low-floor principle occurred until the 
year 1914, when the Cleveland Railway placed in 
service a lot of center-entrance cars with 26-in. 
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wheels and a floor height of 
82 in., the floor being reached 
by two shallow steps from a 
well that was 12 in, above 
the rail. At about the same 
time the Union Railway 
(New York City) brought out 
another low-floor design by 
applying small wheels and 
motors to a single-truck car 
with non-paralle] axles. This 
design has drop platforms at 
the ends and 24-in. wheels, 
permitting a floor height of only 26 in. above 
the rail. The platform is reached by one step 
of 12 in. from the pavement, and another 
step 11 in. high brings the passenger to the level 
of the car floor, at the ends of which are 3-in. 
ramps. A large number of these cars are in suc- 
cessful use at the present time on the lines of the 
Third Avenue Railway, of which the Union Rail- 
way is a subsidiary property, and the design has 
served as a forerunner to the several subsequent 
types in which use is made of the low-floor prin- 
ciple without the center entrance that was so 
marked a characteristic of the first low-floor cars. 


END-DoorR CARS WITH LOW FLOORS 


This plan of using a low floor with end doors 
appeared in a rather striking manner in San Fran- 
cisco, where the 24-in. wheel was adopted after an 
elaborate test on an old car in which small wheels 
and motors had been substituted for 30-in. wheels 
and old-style motors, the change reducing the 
weight of the car from 43,140 lb. to 36,920 lb. The 
operating results, obtained from records of all-day 

runs on a line with a 


number of steep grades, 


showed a reduction from 


3.869 kw.-hr. per car-mile 
to 3.855 kw.-hr. per car- 


mile. The resultant sav- 
ing of 13 per cent in 
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power, together with a 
, reduction of 6 in. in the 


height of the car floor, 
promptly brought about 
the equipment of 123 


other old cars in a sim- 
ilar manner. The cost of 
the new motors and the 
rebuilding of the truck 
for the small wheels was 
reported to have been 


Glens Falls Center-Entrance Car Equipped with Single-Axle Radial Trucks 


$1,682 per car, and the 
return on the investment 
through the saving in 
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power alone was estimated to be between 9 per cent 
and 18 per cent, according to the basis taken for 
the value of electric energy. Generally speaking, 
such a weight reduction as in this case, nearly 3 
tons, cannot be expected from the use of small 
wheels with new equipment. About 3000 lb. per car 
would be more representative. But even this de- 
crease in weight, at 5 cents per pound per year, 
would save $150 per annum for each car, so that 
the present popularity of the small wheel is not 
surprising. 

The introduction of the small wheel in San Fran- 
cisco led subsequently to the design of a new form 
of “California-type” car, a time-honored character- 
istic of Southern Pacific Coast cities. In this new 
design, which was developed in 1915, the platform 
floors are flush witn those of the car body, the 
platform being reached by a step 15 in. above the 
street with a rise of 12 in. to the platform level. 
There is a ramp from the center of the platform 
to the king pin of the truck, so that the main floor 
of the car is about 3144 in. above the rail when 
the springs are new and the wheels not worn. 

The use of flush platforms in connection with a 
low-floor design appears also in several 1916 cars, 
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notably those of the Buffalo & Erie Traction: Com- 
pany. This design in general is similar to that of 
the latest San Francisco car, the step heights being 
13°34 in. and 13 in. respectively. The platform, 
however, has a transverse ramp of 1% in. on either 
side of the center line, and there is a ramp of 21% 
in. between the platform center line and the bolster. 
This gives a main floor height of 30% in. On an- 
other recent car of the end-entrance type, that of 
the Wilmington & Philadelphia Traction Company, 
the platforms are dropped in the customary man- 
ner, so that the car body resembles that of the 
Union Railway’s single-truck, low-floor type. In 
this case, however, 26-in. wheels are used, and 
the step from the pavement to the platform level is 
15 in. in height, the step to the floor of the body 
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being 131% in., and the ramp to the bolster 334 in., 


giving a main floor height of 32% in. 


Low-FLoor CARS WITH CENTER DOORS 


Although the two last-named cars are of most 
recent construction, having been placed in service 
during the spring of the present year, the end- 
platform arrangement that they possess is by no 
means a characteristic of all of the latest low-floor 
designs, since several representative 1916 cars 
make use of the center door in modified form. 
Among these are the Des Moines front and center- 
door car and the Rochester front-entrance center- 
exit car, both of which, in so far as general arrange- 
ment of doors may be considered, are modifica- 
tions of the Pittsburgh low-floor design. The Des 
Moines car is almost exactly similar to the Pitts- 
burgh car except that the front door is so designed 
that it may be used either as an entrance or as an 
exit, pending a decision based on the results of ex- 
tended trials to be made in actual service. In this 
design the steps at the center doors are respectively 
14 in. and 12 in. above the rail. There is a trans- 
verse ramp of 1 in. between the top of the second 
step and the center line car and a longitudinal ramp 
of about 214 in. from the central loading space to 
the bolster, making the height of the floor at the 
maximum 2914 in. At the front door the steps are 
respectively 1144 in., 9% in., and 8%4 in. between 
the rail and the floor level. There is no ramp in 
the floor from the front door to the bolster, so that 
this door seems likely to be more effective as an 
exit than as an entrance. 

The latest Rochester car has a similar door ar- 
rangement, but it differs from the Des Moines car 
in that the front door is intended only for an en- 
trance and is no less than 5 ft. 5 in. wide, being 
provided with a rail along the center line to assist 
passengers in entering two at a time. The step 
heights at the front are respectively 13 in. and 12 
in. from the rail, and an exterior folding step is 
provided instead of the interior step used in the 
Des Moines design. Also, the front platform is 
dropped 7 in., and a rise of this amount is pro- 
vided at a step that is placed on a diagonal line at 
the front of the body. The step at the center of the 
car is made 14 in. above the rail by installing a well 
that extends half way across the floor, and there is 
a transverse ramp of 2 in. in this well between the 
threshold of the center door and the center line 
of the car. The step from the well to the car floor 
is 10% in., and a longitudinal ramp of 51% in. leads 
up to the approximate position of the bolster. The 


floor height is 32 in. above the rail, notwithstand- 
ing the use of 26-in. wheels. 

From the foregoing, it becomes evident that the 
low floor has become exceedingly popular during 
Floor heights of approximately 30 


the past year. 
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in. are now so common that the practicability of the 
principle can be accepted without question. Even 
with a 30-in. floor height, however, the step heights 
in all cases may be kept below 14 in. by means of 
ramps, which, as indicated in the foregoing descrip- 
tion, may be introduced either in front-of the bol- 
ster or in back of it and may easily take up heights 
of 4 in. or 5 in. The extreme in ramps, it may be 
said, appears in the 1916 Wilkes-Barre center-en- 
trance car in which a height of 11 in. is taken up by 
an 11-ft. longitudinal ramp extending from the 
center well to the bolsters. It is evident, therefore, 
that the old plan of introducing three high steps 
between the street level and the car floor has been 
absolutely eliminated as a feature of modern city- 
car design. 


RAMPS AND WELLS 


Comment may well be made here on the various 
means by which the low-floor principle has been 
put into effect. These are small wheels, ramps and 
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wells, As already outlined, the small wheel is the 
most economical of the three because it introduces 
important savings ‘in weight, and at the same time 
it is individually the most logical means for lower- 
ing the floor level and therefore has become a fix- 
ture in modern car design, generally in combina- 
tion with one or both of the other two devices. 

The ramp also appears with practically every one 
of the recent representative cars and is probably 
almost as firmly established as the small wheel, 
the original objections to it obviously having been 
founded on prejudice. In fact, a combination of the 
small wheel and the ramp seems to be inevitable for 
the modern city car since a significant majority of 
the latest designs embody both features. The well, 
however, appears to have lost favor to a marked 
degree. The major reasons are, no doubt, the lack 
of clearance for mounting apparatus underneath 
the well floor, and the introduction of a sudden 
break in the floor line at a location which is not 
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very definitely established for the riding public and 
which may be unsuspected in a crowded car. 


ARRANGEMENT OF ENTRANCE AND EXIT Doors 
FOR MoDERN CARS 


Recent developments in the low-floor car are, very 
naturally, associated with those applying to door 
arrangement, because for city service the first ex- 
tended attempt to improve upon the old plan of in- 
variably having doors at the car ends was the center 
entrance that accompanied all of the pioneer con- 
ceptions of the low-floor idea. Nevertheless, the 
low-floor and center-door principles are quite dis- 
tinct and should be considered separately, at least 
in regard to the features peculiar to each one. | 

On this account it is necessary to mention here, 
as distinct from the three original low-floor cars. 
the Washington, D. C., center-entrance car, which 
was brought out in 1912 but which differed from 
the Pittsburgh, Brooklyn and New York cars of the 
same year, in that it could not be classed as mate- 


Ultra-Light One-Man Car Designed to Meet Jitney 
Competition in the Puget Sound Region 


rially embodying the low-floor principle. Its design 
included a straight floor without ramps at the old 
standard height of 36 in., the wheels being 30 in. 
in diameter. In the center portion of the body 
there was a well 10 in. deep, and an outside folding 
step 13 in. above the rail provided access to the well 
floor. The design, in consequence, was notable in 
that it made use only of the center entrance with- 
out complicating the issue by combining it with 
easy-access features. Several practically similar 
cars were subsequently built in small lots for other 
cities, but the fact that the design has never 
achieved extended popularity exemplifies the influ- 
ence of the major objection to the plain center- 
entrance cars, namely, congestion at the single cen- 
ter doorway. 

To reduce this congestion the Washington car, 
like the Brooklyn design, has its center doorway 
divided into three parts, the two outer sections 
being used for outgoing passengers and the section 
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in the center being used only for an entrance. In 
regard to this feature the Pittsburgh car is quite 
different, as its center doorway is divided into two 
parts, each of which is closed by an independently 
operated door. In the New York design still another 
arrangement is used, the whole doorway being a 
clear opening. 

The three arrangements are widely opposed in 
regard to their principle of handling passengers. 
On the New York car the idea is to have all out- 
going passengers leave the car before any prospect- 
ive passengers start to board it. In the Brooklyn 
and Washington designs the idea is to have loading 
and unloading proceed simultaneously, through the 
establishment of separate lines of incoming and 
outgoing passengers. In the Pittsburgh design, on 
the other hand, the basic idea of the arrangement 
is flexibility of movement, so that the conductor can 
direct the movement of passengers in and out of 
the car in accordance with the immediate needs of 
the situation. The latter radical departure from 
the usual custom of training the public along rigidly 
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prescribed lines is said to have been adopted on ac- 
count of the peculiar conditions existing in Pitts- 
burgh, where it is customary for almost all pas- 
sengers to be loaded at three or four points within 
a restricted business district and to be carried for 
several miles before any unloading takes place, the 
exact reverse taking place with inbound cars. How- 
ever, as before mentioned, the Pittsburgh car has 
a front exit door under the control of a motorman 
which provides a means for short-distance riders to 
get off the car at congested loading points without 
interference from incoming passengers at the cen- 
ter door. 


MopIFIED CENTER-DooR ARRANGEMENTS 


This front exit door of the Pittsburgh car was 
the first modification of the plain center-entrance 
design to be introduced with a view to reducing 
congestion at the single center doorway. Subse- 
quently, the same tendency toward congestion at 
the center entrance was noted in other cities and 
several modifications other than the Pittsburgh ar- 
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rangement were designed with the idea of elimi- 
nating the difficulty. Notable among these was the 
arrangement provided in several trail cars and in 
the Cleveland center-entrance cars of 1914, in which 
the individual entrance and exit doors were sepa- 
rated by a panel 36 in. wide. This provided clearly 


defined lines for the entering and outgoing pas- 
sengers even to a greater extent than existed in 
the Brooklyn and Washington designs; but that it 


did not eliminate the congestion altogether is ex- 
emplified by the fact that during the year 1914 the 
growth of the plain center-entrance design became 
almost stationary. At that time, in fact, sentiment 
appeared to be decidedly against the center door, al- 
though admittedly it provided an excellent solution 
for many of the problems of trail-car design and 
also for the utilization of old equipment—a subject 
which may best be discussed in a later paragraph. 

Congestion at the center entrance was not the 
only reason for this situation. Several operators 
had seriously considered center doors for new roll- 
ing stock, but had abandoned the idea because on 
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some properties the overhead construction was not 
considered to be in sufficiently perfect condition to 
permit placing the conductor in the center of the 
car, where he would be far away from the trolley 
rope, while on other roads it was felt that the cen- 
ter-entrance car had been found to be not so fast 
in loading as the old-style rear-entrance car with 
a front exit. Also, the rear-entrance front-exit car 
automatically distributed the standing load over the 
entire car, whereas with a center entrance the 
standing load was hard to move away from the 
door, thus decreasing the maximum capacity. 
Again, in small towns where there are many un- 
paved streets it was argued that neither the enter- 
ing nor the alighting passengers had the advantage 
of using the paved cross-walk when the center-en- 
trance car was used. 

These objections, of course, with the exception 
of the location of the conductor in an inaccessible 
position as regards the trolley rope, did not apply 
to the Pittsburgh design, but to this arrangement 
there was the objection of cross-movements of pas- 
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sengers when the center doors were used for an 
exit by short riders. However, that difficulty was 
eliminated altogether with the introduction of the 
modified center-door car brought out in Cleveland 
early in 1915. 

This front-entrance, center-exit design has the 
same door arrangement as the Pittsburgh car, but 
the front door, instead of being used for an exit, is 
used only for an entrance, the center doors being 
used only as an exit. The conductor is stationed 
just in front of the center-exit doors, and thus the 
front half of the car, which has longitudinal seats, 
is operated on the pay-as-you-leave principle, while 
the rear half is of the customary pay-as-you-enter 
type. Cross seats, which are more attractive to pas- 


sengers, are installed in the rear half. Since all pas- 
sengers enter at the front and leave at the center, 
| the arrangement automatically distributes the load 
over the front half of the car, and this entirely elim- 
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combination of end and center doors introduced in 
this type of car may have given a new life to the 
whole center-door principle, although its very recent 
introduction prohibits any definite conclusions on 
this point. 


POSSIBILITIES FOR THE CENTER DOOR 


In general, however, it is evident that the 
plain center entrance, even with modifications 
such as a separation: of entrance and exit doors, is 
very evidently lacking in those qualities which will 
enable it ever td come into general use. As a mat- 
ter of fact, it now seems obvious that the original 
plain center-entrance design suffered inevitably 
from almost exactly the same difficulties as any 
arrangement in which entrance and exit of pas- 
sengers are made through a single doorway. Past 
experience has shown that these difficulties have 
been sufficient to bring about the general use of the 
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Birmingham, Ensley & Bessemer Car with Offset Side Doors to Provide Small Separate Section for Colored Passengers 


inates the congestion at the entrance. In addition, 
it provides a prepayment space of extraordinarily 
large dimensions and enables heavy loads to be put 
on board in the shortest possible interval of time, 
while there is afforded almost all of the advantage 
of the center-entrance car in shortening the move- 
ment of passengers within the car body. It should 
be noted that the arrangement is designed essen- 
tially for single-end operation. 

A large number of these cars have been placed 
in service in Cleveland, including fifty old cars that 
were reconstructed in accordance with this design 
since the original car was built because of the 
success of elaborate tests. More recently a num- 
ber of similar cars have been ordered for other cit- 
ies, notably in Toledo and in Rochester, where, as 
before mentioned, fifty of them have been pur- 
chased notwithstanding the fact that the local rail- 
way company had just previously made elaborate 
trials of a plain center-entrance design. Indeed, the 


front exit in all end-entrance cars, and under aver- 
age operating conditions they have led to the aban- 
donment of the near-side design in which both en- 
trance and exit are located at the front platform. 

The plain center entrance, nevertheless, has the 
inherent advantage of providing increased seating 
capacity and of decreasing the structural difficulties 
and weight involved by having to attach platforms 
to the framework of the car. Where the problem 
of rapid loading is not serious, as in the case on 
interurban and suburban runs, this door arrange- 
ment has good reason to be popular, and the per- 
centage of plain center-entrance interurban cars 
built during the past few years is as large as the 
total percentage of both plain center-entrance and 
modified center-door cars that have been built for 
city service. Increased seating capacity and de- 
creased weight seem to have been the primary rea- 
sons for this; but in addition, the center vestibule, 
or boarding space opposite the center door, pro- 
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vides a means for automatically separating the 
main passenger compartment from the smoking 
compartment, and this feature, as well as the ac- 
celeration of passenger movement due to the de- 
creased distances between the door and seats, has 
been put forward by a number of operators as a 
reason for favoring the center-entrance over the 
end-door arrangement for interurban service. 

In general, the variations that have been made 
in the design of center-entrance interurban cars are 
minor in character, and this fact, together with the 
very wide distribution of center-entrance cars 
among the different interurban railways rather 
than the purchase of a large number of cars for a 
very few properties, leads to the belief that in inter- 
urban service the center entrance will undoubtedly 
be perpetuated. Note should be made here of the 
off-set door arrangement whereby the interior ves- 
tibule may be made to separate compartments of 
different. size. This plan, of course, is applicable 
only to single-end cars; but that it may be success- 
fully utilized is evidenced by the Birmingham, Ens- 
ley & Bessemer car, in which the vestibule is well 
located to the rear of the outer line, being used to 
separate a small compartment for colored passen- 


gers from the large compartment at the forward 
end of the car body. 

With new single-truck cars of reduced capacity, 
the: center door has made very little headway, al- 
though the operating difficulties of the center en- 
trance are obviously less with a small car than with 
a large one. The center entrance has, however, 
been very largely adopted for trail cars because of 
its previously mentioned advantages of large seat- 
ing capacity and reduced weight. In addition, it 
has appeared as a means for modernizing old cars 
that may be considered too small for regular service 
and too much inclined to “pitch”? on account of a 
short wheelbase. Generally speaking, the method 
by which such reconstructions are carried out is to 
splice two old car bodies together after removing 
the platforms, using drop sills of steel to span the 
interior vestibule or well that is left between them, 
and constructing a rigid steel doorway coupled at 
the top to the letterboards to provide strength for 
the structure as a whole. The stresses at the center 
section may obviously be minimized by balancing 
each half of the rebuilt structure over its truck. 

A number of such reconstructions have been un- 
dertaken since the first center-entrance cars were 
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placed in service and the cost in general has been 
low. In Pittsburgh, for example, the expenditure 
for splicing two 20-ft. car bodies so as to make a 
48-ft. car with a center well and an interior step 
was found to be $400. In addition a number of 
open cars, condemned on account of the practical ob- 
solescence of that type, have been made over into 
center-entrance cars having various combinations 
of exterior and interior steps and wells to provide 
access to the car body. On the Pacific Coast, also, 
many California-type cars have been reconstructed, 
notably in Los Angeles, where center entrances 
with ramps and outside steps were provided in the 
reconstruction of some 300 of the railway com- 
pany’s narrow-gage cars at a reported cost of $678 
per car. 

The ultimate value of such rebuilt cars is, of 
course, problematical, in view of the change of 
opinion that has taken place regarding the plain 
center-entrance design. However, the Boston ar- 
ticulated type of car, made up from two old car 
bodies with a specially constructed center section 
hanging between them, has appeared in a number 
of cities, and it offers advantages in the utilization 
of old equipment that are not possessed by plans for 
reconstruction having no special provision for easy 
access to the car body. A feature worthy of note 
in the design of the center section is that housings 
are provided in the roof for the trolley ropes from 
the old car bodies at either end of the unit, and, in 
consequence, the conductor is able to replace a trol- 
ley pole that has jumped the wire, or change poles 
when the direction of operation is changed, without 
going outside of the car. The cost is estimated to be 
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approximately $1,000, and the added weight has 
been found in one case to be only 1000 Ib. over the 
original weight of the two small car bodies, the rea- 
son being that with the introduction of the center 
section there are eliminated two platforms and two 
sets of controllers, together with other miscellane- 
ous equipment. . The most obvious difficulties are 
the extremely large seating capacity and the com- 
plication of the passenger’s movements within the 
center vestibule. : 


ARRANGEMENT OF MAJOR FACILITIES WITHIN THE 
CAR BoDY AND VESTIBULES 


The kaleidoscopic changes presented by these re- 
cent developments in center-door designs have, 
naturally, obscured somewhat the importance of the 
end-platform arrangement for car bodies. Never- 
theless, in new construction the end platform is still 
more prominent than the center door, from a nu- 
merical standpoint, and it possesses the great aa- 
vantage of having most of its history behind it. 
Between the two types of design the main point of 
difference is really one of passenger movemenis, 
because when broad generalizations are made many 
common features of interior arrangement appear, 
and these may be discussed at the same time. As 
a matter of fact, one of the most important recent 
developments in the design of end-platform cars, 
namely, the inclosure of vestibules, can be ascribed 
largely to the results of experience with the early 
center-entrance cars. 

Provision for the complete inclosure of the car 
while in motion became unquestionably the most 
prominent feature of surface-car design during 


50-8 over Bumpers Ee Saher gh eee ee ES a Oe eT 
Keo 4°8+---> 


eS, 


r Over Sheath 


| (Gah 
U sliding 
Seats 


Non-reversi ble 
Sliding = Seat. 
qoear 


Typical Center-Entrance Suburban Equipment of Washington & Virginia Railway 


SEPTEMBER 30, 1916 | 


ELECTRIC RAILWAY JOURNAL 


1914, and the record of its, installation since then 
shows an overwhelming majority in its favor. Not 
only have vestibule doors been applied generally to 
new equipment, but in many instances they have 
been applied to old cars also. Indeed, at the pres- 
ent time it has become almost as unusual for a city 
car to be without the fully-inclosed feature as it is 
to have the prepayment facilities omitted. The rea- 
son is that boarding and alighting accidents are 
thus practically eliminated, while on new cars, at 
least, the cost of the installation is insignificant. 
Even on old cars the application of folding doors 
and steps, together with an interlocking device to 
prevent starting the car when the doors are open, 
has been found in two large cities to pay for the 
change within about two years through the reduc- 
tion in damage claims. 

Of course, it is no new idea to have cars com- 
pletely inclosed, thus preventing ingress and egress 
of passengers while the car is in motion. Several 
lines have used this feature in modified form for 
many years. But the scheme, until recently, met 
with scant favor throughout the country at large 
because of a widespread belief that it would involve 
a material decrease in schedule speed, and it is 
probable that a complete change in sentiment, such 
as has taken place within the past three years, 
could have been effected only through the success- 
ful introduction of the center-entrance car, which is 
of necessity completely inclosed. Including city 
ears of all descriptions, the use of folding doors 
and steps for the vestibule appears to be almost 
invariable, regardless of the type, extending from 


the smallest one-man car to the largest standard 
unit for metropolitan service. 


VESTIBULE Doors 


Generally speaking, the existing types of doors 
for fully inclosing vestibules may be divided into 
the three classes of folding, sliding and “non- 
sweep.” The former type is, at the present time, 
much more prominent numerically than either of 
the others, presumably on account of its simplicity 
and limited space requirements. The sliding door 
has been utilized most generally with rapid-transit 
cars, but has been used also with some of the 
earlier plain center-entrance cars. Its obvious ad- 
vantage is the elimination of need for provision of 
transverse clearance for the door movement, but 
opposed to this is the necessity for a longitudinal 
pocket into which the door can slide, and where the 
doorway is extremely large the weight and length 
of movement of the door may become objectionable. 
With the non-sweep type of door it is aimed to at- 
tain the advantages of both of the foregoing types 
without their space restrictions. The operation is 
such that the door slides around the inside of the 
corner that exists between the plane of the doorway 
and the side of the passageway leading to it, and 
the movement may be obtained quite easily by the 
use of a pair of straight guides for both the top and 
the bottom of the door. 

In addition to the several types of vestibule door. 
there are available for vestibule inclosure a number 
of alternatives in the use of apparatus, such as 
folding or stationary steps, location of the door at 


Baggage Compartment 
a Fe 4 
re 62 Switch Cabinet ee 


584 | 


the vestibule threshold or at the edge of the step 
below it, and outwardly folding doors as opposed to 
those that fold inward. The most obviously popular 
combination, however, consists in the location of an 
outwardly folding door at the vestibule threshold 
with a mutually operated folding step below it. 
This arrangement, of course, involves the use of a 
step mechanism, which has been eliminated in some 
‘designs either by locating the door at the edge of 
the step or by locating it at the vestibule threshold 
and allowing the stationary step to be exposed 
while the car is in motion. Objections to both of 
these alternatives exist because of the gap that 
must be left in the vestibule floor between the 
threshold and the door in case the former is ac- 
cepted, and because of the possibility of exterior 
accidents in case the latter alternative is chosen. 
The complication of the folding-step mechanism, 
therefore, has warrant for its existence and this 
appears to be borne out by the majority of designs 
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open position. The very wide doors that appear in 
the records of recent construction are manifestly 
the result of adopting the pay-as-you-enter rather 
than the pay-within method of fare collection, and 
the pay-within system appears at the present time 
to be more popular than the former. The average 
door width of 48 in. bears out the common under- 
standing that it is practically impossible to get 
passengers to pass in double file through a door- 
way which is narrower than this, and even then 
guide railings, or at least stanchions, are consid- 
ered necessary as a rule. 

The influence of the pay-within car is reflected in 
the lengths of vestibules for recent cars, for which 
the dimension of 5 ft. 6 in. measured from bulkhead 
to dash appears very much more frequently than 
any other, no less than ten out of fifteen recent de- 
signs having a vestibule length of either 5 ft. 6 in. 
or 5 ft. 7 in. A few modern cars have been equipped 
with vestibules as long as 7 ft., but since these are 
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that make use of it. Inwardly folding doors, as 
compared with those that fold outward, have the 
advantage of not affecting exterior clearance for the 
car body, but this is offset by the fact that the door 
movement may be interfered with by passengers 
who are standing in the vestibule prepared to leave 
the car. With the non-sweep door, which, of course, 
cannot be made to open outward, this difficulty is 
altogether eliminated, because the inward move- 
ment takes place only along the walls of the vesti- 
bule, the half-doors moving -apart when being 
opened much as if they were of the sliding type. 
In Pittsburgh, where the non-sweep type of door is 
widely used on account of narrow streets and re- 
stricted exterior clearances, no trouble appears to 
have arisen because of the inward door movement. 


Door OPENINGS AND PASSAGEWAYS 


Widths for vestibule door openings display a great 
variety. For recent representative cars a dimen- 
sion of 36 in. appears to be about the minimum, 
and this ranges upward to a maximum of 68 in. 
There is a fairly well-defined majority in the vicin- 
ity of 48 in., the dimension being measured as the 
net clear space between doors when they are in the 


the exception rather than the rule there is a rea- 
sonably good indication that the movement toward 
shorter prepayment-car platforms, which began 
some ten years ago, will soon produce a standard 
dimension. In regard to vestibules that are shorter 
than the common figure of 5 ft. 6 in. it may be said 
that these also are exceptionally few for recent 
cars of the standard double-truck type. On single- 
truck cars, of course, vestibule lengths are much 
less, ranging downward to an apparent minimum of 
4 ft., this dimension applying to one of the latest 
ultra-light one-man cars. A dimension of 4 ft. 6 in., 
however, is a much more popular length for vesti- 
bules of small cars, and from the small difference 
between this figure and the customary vestibule 
length, it would seem that there is not much likeli- 
hood of large city cars having their vestibules re- 
duced from the present practical standard length of 
5 ft. 6 in., especially when the shorter vestibule 
practically compels the use of a door that is too nar- 
row for a double file of passengers. 

It might be noted here that exits at front plat- 
forms appear in recent cars as narrow as 231% in. 
although clear openings somewhat larger than this, 
or between 27 in. and 30 in., are generally preferred. 
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Lengths and Widths for Modern 
Car Bodies 


Experience has shown the most economical carbody length to be 45 ft. for double-truck city cars. The 
controlling factor, where stops are indeterminate, is schedule speed rather than clearance dimensions, 
which are dominant solely in high-speed service, but a number of single-truck cars which approximate 


only 33 ft. in length owing to mechanical considerations have been recently built. 


Widths for most re- 


cent city cars are surprisingly uniform and might even be standardized at 8 ft. 4 in. without difficulty. 


HE subject of car-body capacity, or size, 
offers a problem of considerable complexity 
and material importance in connection with 


car design from an operating standpoint, but since: 


it is really basic in character its discussion in a 
separate chapter is warranted. Generally speaking, 
the tendencies displayed by the most recent designs 
indicate that, at least for some time to come, there 
will be little likelihood of any appreciable change 
from the general dimensions that have been shown 
to be best by the accumulated experience of the 
industry. 

Numerically, an overwhelming preponderance of 
recent cars for reasonably large cities are of a 
length approximating 45 ft., measured over the 
bumpers, although occasionally a design is en- 
countered with a length as low as 40 ft. or as 
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high as 50 ft. In the case of cars for the smaller 
communities there is less tendency toward an 
agreement on length, but even so, a very large 
majority exists in favor of the range between 30 
ft. and 35 ft. Practically all of the smaller cars 
are of the single-truck type, and in consequence, 
they constitute a fairly distinct class by themselves. 
Since the jitney bus development ran its course, 
however, still another class of city car has ap- 
peared, this being less than 30 ft. long and of 
extremely light weight, so that city cars in general 
may be divided into three classes—double-truck, 
single-truck, and ultra-light. In the same way, 
interurban cars range between 55 ft. and 60 ft. in 
length, and cars for heavy electric traction seem to 
be fairly well standardized between the lengths of 
65 and 70 ft., which are set by clearance limitations. 
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Seating capacities for cars of these several 
lengths are naturally subject to wide variations, 
depending upon the interior arrangement, upon the 
use of platform seats in city service and the in- 
stallation of baggage compartments in interurban 
service, as well as upon the possibility of single- 
end operation. In any event the total capacity, 
including standing passengers, is better measured 
by length than by the number of seats, and in 
consequence the length will here be considered as 
the unit of capacity. 


INFLUENCE OF EXCESSIVE CAPACITY IN 
CITY SERVICE 


In ordinary city service to-day the factors of 
schedule speed and headway exert a dominating in- 
fluence on car-body size, and the problem of limita- 
tion of physical dimensions because of narrow 
streets, sharp curves and the like, has become of 
only secondary importance, except in rare instances. 
This is indicated by the practical standardization 
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of city car-body widths between 8 ft. 4 in. and 
8 ft. 6 in., measured over the belt rails. Of the 
two factors of schedule speed and headway, the 
former appears to be considerably the more im- 
portant, although its influence is indirect and, to 
a certain extent, obscure. Its action is that, as 
car capacity increases, stops will be longer and 
will be made more frequently because more pas- 
sengers will board and alight, and this involves 
lost time. In other words, a car that holds few 
passengers will make better time over a run re- 
quiring an indeterminate number of stops than a 
car of large capacity. In practice this has been 
demonstrated by the inability of the double-deck 
car, with a capacity of eighty or ninety seats, to 
maintain schedules, resulting in its failure to be 
perpetuated after experiments in Pittsburgh, New 
York City and Washington, D. C., three years ago. 

Generally speaking, the two-car train also is an 
example of extremely large car-body capacity since 
two cars thus coupled together really make a single 
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unit of double normal size, and the accompanying 
graphic results of a representative test on a two- 
car train show this effect clearly. Unfortunately, 
in any such test the influence of the increased 
capacity can be expressed only in limiting figures, 
and the time lost by the two-car train in this case 
is between the limits of 9 per cent as a minimum 
and 16 per cent as a maximum. The former figure 
is derived from the curves at the upper part of the 
graph which show that a single car, when carrying 
the proper total number of passengers throughout 
the run in question to give a proper maximum load, 
made just about schedule time, while the two- 
car train, when carrying twice this load, lost 
five and a half minutes in a sixty-minute trip, or 
9 per cent. 

These curves were plotted directly from the test 
observations, but even direct observations are af- 
fected by the personal element of the platform men, 
who will always make an extra effort to move faster 
when they get behind time. To eliminate this dis- 
turbing factor the lower part of the graph was 
plotted to show the observed “time stopped” as 
well as the stops per mile by both train and single 
car during each of a number of trips. From these 
data the following deductions may be made: Since 
the trip in question was 9 miles long an assumption 
of nine seconds lost in acceleration and braking for 
each step would give a loss of eighty-one seconds, 
or 1.35 minutes per trip, for each increase of one 
stop per mile, and since the properly-loaded train 
made 2% stops per mile more than a properly 
loaded single car the loss from this source must 
be three and a half minutes. Also, the two-car 
train. was actually stationary for six and a half 
minutes more time during each trip than the single 
car because it had to handle double the number 
of passengers, and the sum of the two losses, or ten 
minutes per trip, amounts to 16 per cent of the 
schedule time. 

This latter result, however, does not take into 
consideration the effect of vehicular interference, 
which is less obstructive when two-car trains are 
used because of the smaller number of units on the 
street, and, in consequence, some of the 16 per cent 
of time lost at the stops by the train would be 
made up by it through faster running between 
stops. But as this is an indeterminable factor, 
the actual slowing down of the schedule on the run 
in question can only be expressed as less than 
16 per cent, although the direct observations showed 
the loss to be more than 9 per cent. This is suf- 
ficient, however, to make the two-car train a losing 
proposition through the increase in operating ex- 
pense that comes with slower speed. 

It should be noted here, perhaps, that the above 
figures apply only to one particular line. On other 


runs the loss might be greater, or it might be 
materially less, even to the point of making the 
trail car profitable. Such conditions would be those 
approaching the case, where, for example, prac- 
tically all of the load is taken on and put off at a 
few important transfer points. The increase in 
capacity of the train would then be less of a handi- 
cap, because it would probably make but few more 
stops throughout the trip than the single car. The 
skip stop produces a very similar effect, and its 
introduction has been found frequently to offset 
the time lost by the use of two-car trains. 

From the foregoing, it is evident that there is 
a maximum size for cars which cannot be profit- 
ably exceeded. The double-deck car and the two-car 
train clearly exceed this maximum, and their fail- 
ure to be perpetuated show at least that a seating 
capacity of, say, eighty, and a correspondingly 
large total capacity is, under normal conditions, 
very much too high. There are, unfortunately, no 
data available for determining just how much too 
large the double-deck car may be. However, a 
good line on the situation may be drawn from the 
influence of past experience, and this, as previously 
mentioned, sets the length of cars for-large cities 
within 5 per cent of 45 ft. During 1915, for 
example, an analysis of car orders, representing 80 
per cent of the total cars purchased, showed that 
two-thirds of the new cars were within these limits. 
A total of 133 cars were ordered with a length 
exceeding 47 ft. 6 in., but of these, three were 
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sample cars and the remaining 1380 were purchased 
for the city of Cleveland, where the existence of 
the skip-stop method of operation permits larger 
cars than could be used under ordinary conditions. 

For service in large cities, therefore, the maxi- 
mum permissible car-body size appears to be but 
little, if any, in excess of 45 ft., and except under 
special conditions city cars that are longer are very 
likely to be of too large a capacity. Even the 
jitney bus craze of 1915 worked as a demonstration 
of this fact, and one of its results has been a more 
or less well-defined swing to the opposite extreme, 
or to the ultra-small car. Nevertheless, a car may 
be too small just as definitely as it may be too large. 


EFFECT OF REDUCED CAPACITY . 


Unfortunately, the ultra-small car has come to 
be called the one-man car, and this rather confuses 
the issue of car-body capacity that is involved. In 
general, the one-man car should be considered as 
distinct from the ultra-light design (which in- 
cludes but a small fraction of the total number of 
equipments built especially for use in small cities) 
because the use or non-use of one-man operation is 
purely an operating consideration. Indeed, the 
possibility of operation with one man is, appar- 
ently, almost independent of car-body capacity, 
since cars 42 ft. in length and with seats for forty- 
seven passengers have been operated successfully 
without a conductor. Consequently, the one-man 
car, as such, will be considered here only in con- 
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nection with the equip- 
ment that is peculiar 
to it, and no attempt 
will be made to com- 
pare one-man and two- 
man operation or to 
generalize regarding 
the effect of one-man 
operation on economy 
through the _ vreduc- 
tion of platform ex-, 
pense accompanying it. 

The item of platform expense in general, how- 
ever, is a dominating factor in establishing a mini- 
mum car size. Thus, while it has been previously 
shown that a small unit can make faster schedule 
speed than a very large one, and hence can reduce 
operating expenses, it is nevertheless inadvisable 
to have units that are too small because of the 
resultant excessive cost of platform labor per pas- 
senger. For example, if it is assumed that the 
substitution of a 35-ft. car seating thirty-seven pas- 
sengers, for a 45-ft. car, seating fifty, increases 
the speed on a certain run by, say, 5 per cent, the 
original operating expense would be reduced by 
some 3 cents in each dollar. But the platform 
expense, which might well be 35 cents out of every 
dollar expended in operation, would be increased 
by one-third, or say 11 cents, because one-third 
more platform men would be required to handle a 
given number of passengers. The saving of 3 cents 
on the dollar due to higher speed would, therefore, 
be more than offset by the 11-cent loss from greater 
platform cost, leaving a net deficit of 8 cents on the 
dollar of operating expense from the substitution of 
the small cars. Thus appears the general rule that, 
within reason, the largest car is the most econom- 
ical one that can be used. 


of course, upon the circumstances that apply to 
each particular community. 


Under such conditions—leaving out of con- 
sideration the question of one-man versus two-man 
operation—the matter of platform expense ceases 
to be a factor, because a certain number of cars 
must be run during each hour and each car will 
have two platform men (or one if permitted by the 
circumstances applying to the particular commu- 
nity). The problem of car capacity then becomes 
one of expense for maintenance and power, con- 
sidered in connection with rush-hour conditions. If 
there were no peak the car-body capacity would, of 
course, be directly determined from the number of 
passengers normally requiring transportation under 
the conditions of headway found locally to be most 
desirable, with an allowance for future growth of 
the community. However, a peak is practically in- 
evitable in city service, and consequently it becomes 
conceivable that the extra weight of a large car 
body may profitably be hauled through the non-peak 
hours merely to save the cost of trippers during 
the rush, thus following the previously-mentioned 
general rule regarding the economy that may be 
expected from the use of the large car body. 


Here, however, the fac- 


tor of headway enters into 


the problem. Obviously, a 


community where an _ in- 
crease in the intervals be- 
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If, for example, the weights of the two previ- 
ously-mentioned fifty-passenger and thirty-seven- 
passenger cars are assumed to be _ respectively 
33,000 lb. and 24,000 lb., the cost of hauling the 
additional weight of the large car during the four- 
teen non-peak hours will be 32 cents per day for 
power, this being based on 110 miles run, 130 watt- 
hours per ton-mile, and an off-peak energy cost of 
Ye cent per kilowatt-hour. Maintenance and mis- 
cellaneous expense at 4.4 cents per car-mile in the 
case of the large car would mean an increase of 
1.1 cents on this score also, or for 110 miles, an 
increased cost of $1.21 per day, which, added to the 
power cost, would total $1.53. 

However, during the peak the large car’s 35 per 
cent greater capacity will permit it to save the 
expense of, say, one-third of a tripper car. Tripper- 
car operating expense naturally will be much higher 
than the normal car-mile cost and may be assumed 
at 30 cents per car-mile. Then, during a four-hour 
peak, the tripper would run, say, 30 miles and would 
cost $9 daily. One-third of this sum, or $3, would 
be saved by each large car in normal service, since 
the increased size would be equivalent to one-third 


of a tripper. Hence, 
the saving by the use 
of the large car instead 
of the small one would 
be $8 per day, while 
the loss due to the ex- 
tra maintenance and 
the power consumed by 
hauling the added 
weight during the non- 
peak hours would be. 
only $1.53. The net 
saving for the large car would then be $1.47, 
and, under the conditions cited, it would pay 
to use the big units even though they would 
normally be only three-quarters full during almost 
the whole day. It might be noted here that no 
allowance for interest charges have been made in 
the above figures, the reason being that the in- 
creased cost of the large cars would be roughly 
offset by the cost of the tripper cars required in 
case the small cars were used. 

Such conditions as these seem to be the rule 
rather than the exception, judging from the record 
of recent construction, so that here again is sup- 
port for the general rule that it pays to use large 
cars within the limits set by past experience. 


INFLUENCE OF THE SINGLE TRUCK 


It might well be remarked here, however, that the 
factor of headway becomes increasingly important 
as the population of the locality that is served be- 
comes less, and hence the advantages of the large car 
body has a decreasing value. When extreme condi- 
tions obtain, the single truck becomes a feature of 
decided importance, because its economies may be 

sufficient to turn the scale 


against the use of a large car 


body, and thus warrant the 


use of a smaller body that 


can be mounted on four 
wheels. 


Assuming good _ track, 


there appears to be no ques- 
tion that the single-truck 
car (within its physical lim- 


itations) would be invariably 
preferred to the double-truck 
design. The reasons begin 


with reduced first cost, 


1 


which has been found in the 
case of some _ single-truck 
cars to be as low as two- 
thirds of the cost of small 
double-truck designs of equal 


seating capacity. In the sec- 
ond place the weight is less, 
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the difference in favor of a single 
truck for a design approximately 
35 ft. in over-all length being of 
the order of 3 tons. Finally, there 
is a reduction in maintenance cost 
because there are fewer wheels 
and axles to maintain as well as 
only about half the number of 
truck parts, brakeshoes, journal 
bearings, trolley bases and the 
like. 

The absolute maximum of car- 
body length that appears to be 
permissible with a single truck is 35 ft. and most 
of the recent single-truck cars are even slightly 
shorter than this. Therefore, when circumstances 
favor the use of a car that is appreciably less 
than 45 ft. long it is obviously desirable to skip 
intermediate sizes and go to a body length of 35 
ft., thus permitting the use of a single /truck. 
Here, of course, the general rule of. using the 
largest body is upset, in the main, but the rule’s 
influence appears, nevertheless, in the obvious exist- 
ence of a marked tendency to use, with single-truck 
cars, the largest body that can be mounted on a 
single truck. The tendency is demonstrated by an 
analysis of the motor-car orders for city service in 
1915. This shows that while there were twenty-one 
lots of standard cars with a length approximating 
45 ft., only four lots were ordered with lengths be- 
tween 35 ft. and 40 ft. No less than nineteen 
orders, however, were placed for cars between 30 ft. 
and 35 ft. in length, while, notwithstanding the 
sudden popularity of the ultra-small car designed 
solely for one-man operation, only ten orders were 
placed for small lots of cars less than 30 ft. long. 

Although the maximum length for 


operating 


terizes the plain single-truck designs, and as a 
consequence, opinion is divided on the merits of 


the two types. A majority of the most recent 
single-truck car orders, as a matter of fact, have 
rigid-axle trucks, so that the tendency, if anything, 
appears to be to adhere to the older and simpler 
design. . f 

Note should be made, however, of-the record of 
the non-parallel-axle truck used in connection with 
the previously mentioned low-floor car of the Union 
Railway. A large number of these cars have been 
in service since October, 1914, and all of them are 
in a very satisfactory manner. The 
schedule speed ranges from 9 m.p.h. to 11 m.p.h., 
and the maximum speed ranges from 20 m.p.h. to 22 
m.p.h., most of the cars having been worked on 
outlying semi-suburban lines where the track con- 
ditions are, to say the least, rather poor. At the 
time when the cars were placed in service a question 
arose regarding the possibility of excessive flange 
wear, but it has been found from experience that the 
flange wear is nearly normal and that rolled-steel 


wheels will run about 40,000 miles between turnings. 


single-truck cars has been stated to 


be 35 ft. measured over bumpers, it / 


should be noted that this length is 


ml 
attained only by use of a non-par- — | | 
allel-axle truck and that the single- 


appreciably exceed 33 ft. in over-all | 


truck cars with rigid axles do not iL 


length. The reason is, obviously, = 
excessive overhang of the car ends = 
because of the relatively short wheel- 
base which is required with rigid- 
axle trucks, and which tends not only 


to make the car pitch or “gallop,” 
especially on bad track, but to re- 
quire excessive clearance on curves 
as well. Of course, the non-parallel- 
axle truck eliminates most of these 


difficulties, but in case it is used 
there is lost much of the advantage 
of simple construction that charac- 
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In connection with single-truck cars brief com- 
ment perhaps should be made in regard to door 
arrangement, because practically all of the cars are 
of the end-platform design. However, a center- 
entrance design has been- purchased for Bangor, 
Me., and another for Hampton, Va. Both of these 
cars have single-axle radial trucks, and they have 
low floors like the Union Railway single-truck de- 
sign. Otherwise recent single-truck designs dis- 
play rather marked conservatism—a somewhat sur- 
prising condition because seating capacity, which is 
the glaringly weak feature of the single-truck car, 
may be greatly increased by adopting a center 
entrance, although it should be noted that the Union 
Railway design approximates the same effect by pro- 
viding large platform seats. 


THE ULTRA-LIGHT CAR 


The ultra-light car is the most recent develop- 
ment of the single-truck type, although, as has been 
previously pointed out, it constitutes an entirely 
distinct tendency in design and contains no imme- 
diate prospect of directly: displacing the larger unit. 
The reasons for and against its existence, which 
probably have been somewhat exaggerated in im- 
portance by the brief but costly activities of the 
jitney bus, are precisely those that apply to the 
single-truck car in comparison to the standard 
double-truck design. The ultra-light car saves in 
first cost, power, and maintenance over the single- 
truck car of normal design, but is handicapped by 
greater platform expense per passenger. 

As has been pointed out before there is nothing 
to prevent any car from being operated by one man, 
so that the large single-truck designs have the ad- 
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vantage of being operable as 
either one-man or two-men cars 
in accordance with the circum- 
stances applying to any particu- 
lar locality. In fact, it is the 
practice in several communities 
to operate single-truck cars, or 
the equivalent, with one man 
during the light hours and with 
two men during the rush, or to 
operate with one man in outlying 
districts and with two men in congested zones by 
having conductors board the cars when they reach 
the business section of the town. 

With the ultra-light car, however, such com- 
bined operation is not very readily permitted, pri- 
marily because of the car’s compact construction, 
but also because of its small capacity. Its com- 
parison with the large-size single-truck cars oper- 
ated by one man is no more than the. problem of 
proper car-body capacity that exists between the 
single-truck car and the double-truck car operated 
by two men. If the ultra-light car can save enough 
in first cost, maintenance and power during the 
off-peak hours to pay for the operation of trippers 
during the peaks, it is profitable; otherwise the 
greater capacity of the large single-truck car is 
preferable regardless of the headway that is neces- 
sary to attract traffic. Available information on the 
cost of operation of ultra-light cars is insufficient as 
yet to permit even the roughest of approximate esti- 
mates on this point, and as some doubt has been 
raised as to the lasting qualities of excessively light 
car-body .constructions it seems best not to attempt 
to make comparative figures. There is, of course, no 
doubt but that the car-building records show a 
rapid growth for the ultra-light class of cars, but 
at the same time there is absolutely nothing. to 
show that the class is going to be permanent. 


CAR-BopDy WIDTHS. 


From the foregoing résumé of the existing situ- 
ation as regards car-body size it is evident that 
city cars may be very definitely grouped according 
to their lengths. A double-truck car may be arbi- 
trarily assigned a length of 45 ft. without being 

: more than 5 per cent away from 
the standard adopted in a large 
majority of the important cities 
in the country, while a length 
of 33 ft. is still closer to the 
average standard for single- 
truck cars, if the 35-ft. non- 
parallel-axle designs are ex- 
cluded. Ultra-light cars have 


--- over Sheathing é >| 


kK 255 
Double-End, One-Man 


not yet been built in sufficient 
numbers to display any ten- 


dencies toward a standard length, but 25 ft. would 
represent a fair average. 

Car-body widths, on the other hand, do not ap- 
pear to be subject to classification. However, an 
analysis of the orders for cars that were placed 
during 1915 and the first half of 1916 shows some 
rather surprising tendencies toward certain pre- 
ferred dimensions. Of these orders for new cars, 
thirty-seven, or nearly one-half, were described in 
the ELECTRIC RAILWAY JOURNAL, and of these 


Taste VI—Wiprus or Atsues AND Cross Spats ror Recent Crry Cars 


| { 


| Side | 
Width | wall | Aisle Seat 
Car over | thick- | width, | width, | Remarks 
sheets, | ness, in. in. 
ft.-in. | in. 
New Orleans. ...... 8-5 Vy 26 37 Window sill overhangs 
seat 214 in. 
vee United Rail-, 
eon Bhe Sear | 8-334 284 25 35 
ae State sins oh coer 8-2 5 24 32 |Low window-sill, flush 
| with seat. 
Wilmington........ 8-2 1 | 24 36. | 
Des Moines........| 8-214 134 23 36 | 
Baltimore..........| 8-2 2% 2134 36 |Wooden car,- Low side- 
plates under seat. 
East Liverpool,.....| 7-114 | 1 2144 36 
Kansas City......:.| 8-614 1% | 28% 35  |Window sill overhangs 
| seat 114 in. 
Boston (trailer)... . | 8-434 134 | 28 35 
f Pittsburgh | 6 | 4/ an 
{ (ingle-end)°°*°* | 7-9% ib | 2474 | 3374 


thirty-seven lots of cars, no less than nineteen had 
widths over the belt rails which ranged from 8 ft. 
4 in. to 8 ft. 6 in. Of the orders for cars narrower 
than this only one was for a double-truck car, this 
covering equipment 7 ft. 10% in. wide that was 
built for Pittsburgh, where extremely narrow 
streets and sharp turns are the rule in the busi- 
ness district. The other narrow cars are of the 
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single-truck type, five out of the thirty-seven lots 
bought during the year being between 8 ft. 3 in. 


and 8 ft. 1 in. wide. The latter figure is the low 
limit except for ultra-light cars, of which there are 
three in the list, ranging from 7 ft. 8 in. to 7 ft. 
10 in. Extremely wide cars are also limited in 
number, there being five lots with widths hbe- 
tween 8 ft. 7 in. and 8 ft. 9 in., together with one 
8-ft., 1l-in. car that is operated in semi-suburban 
service, and one California-type car with the rather 
astonishing width of 9 ft. 2 in. 

From these figures two important conclusions are 
inevitable. One is that a width of 8 ft. 4 in. over 
belt rails would be suitable for some 95 per cent 
of the localities in which double-truck cars are used, 
and the other is that this width, although it may 
not be liberal, is at least sufficient, as exemplified 
by the relatively large number of cars built with 
this dimension and by the fact that the Pittsburgh 
cars are very much narrower. 

Of course additional width is always desirable 
to provide the maximum width of seat and aisle. 
Yet the accompanying Table VI, covering seat and 
aisle widths of a number of modern city cars, 
shows that with a not unreasonable seat and aisle, 
a total width materially less than 8 ft. 4 in. is 
easily obtainable. In this table the widths are 
measured over side sheets instead of over the belt 
rails so as to eliminate the variable item of belt-rail 
thickness. The figures in the column headed 
“Side-Wall Thickness” represent the sums of the 
dimensions for thickness of side sheet, side-wall 
insulation, and clearance between the insulation and 
the outer edge of the seat Cushion on each side of 
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the car; or, in other words, the distance between 
the seat and the outside of the side sheet. 

Judging from the figures in the table a seat 
width of 35 in. cannot be called unduly narrow 
since it appears for cars in the list that are not 
cramped for width. Also, an aisle width of 24 
in. seems to be at least an average, while a side- 
wall clearance of 1% in. is evidently quite possible, 
especially in view of the possibility of increasing 
the effectiveness of over-all width in various ways. 
One of these is to have the window sill overhang 
the edge of the seat at the passenger’s waist line, as 
noted for the Kansas City and New Orleans designs, 
and another is to have a low window sill flush with 
the seat, as noted for the Bay State car. Then, 
if a side-wall clearance of 114 in. is accepted as 
permissible, together with a 35-in. seat and 24-in. 
aisle, the width over side sheets would become 8 
ft. 1 in., and if %-in. belt rails were used, the width 
over these would total only 8 ft. 2 in. 


THE LOCAL CONDITIONS FALLACY 


It is evident, therefore, that a width of 8 ft. 4 in. 
at least could be adopted by the great majority of 
electric railway properties, and this fact, together 
with the previously mentioned possibility of length 
grouping demonstrates that the influence of local 
conditions on over-all dimensions is, after all, almost 
negligible. As a matter of fact, the importance of 
the whole theory of local conditions as affecting 
car-body dimensions has been greatly exaggerated 
in the past, and the belief that each community re- 
quired a car-body of special size has been quite un- 
warranted. If differences in capacity should exist 
logically, they should, as already outlined, vary at 
least roughly in proportion to the size of the com- 
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munity, yet the record of recent construction dem- 
onstrates that this is anything but the case. 

The latest equipment in New York City, for 
example, is decidedly smaller than that in Roch- 
ester. Des Moines, with a population of 86,000, 
and Pittsburgh, with 534,000, have standardized on 
practically the same design. The latest Chicago 
and New Orleans cars are almost exactly alike, 
notwithstanding the different characteristics of the 
two cities and their respective populations of 
2,100,000 and 330,000. Binghamton with 37-ft. cars 
has a population of some 50,000, while Charleston, 
S, C., with 58,000 people, uses 41-ft. cars. 

Summed up, the local conditions theory, as ap- 
plied to general dimensions of car-bodies, is plainly 
a fallacy. For city cars maximum widths may be 
desirable, but anything over 8 ft. 4 in. is not essen- 
tial. Maximum lengths are, perhaps, essential, but 
these have been limited by experience to about 45 
ft. for one class of equipment and to about 33 ft. for 
another class, with a possible third class, in the 
vicinity of 25 ft. long, in process of development. 
Minor variations from these sizes are wholly un- 
necessary. 


CAPACITIES OF HIGH-SPEED CARS 


Cars in high-speed service are manifestly free 
from either of the dominating factors that control 
the size of city cars, since the influence of schedule 
speed arises only from the indeterminable number 
of stops made throughout city runs, and the influ- 
ence of headway is of relatively negligible impor- 
tance in interurban service and heavy electric trac- 
tion. The dominating feature for high-speed cars 
is, therefore, one of clearances. 

On steam roads, right-of-way clearances are well 
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established, and they give arbitrarily permissible 


dimensions up to about 70 ft. in over-all length and 
about 10 ft. in over-all width. Interurban cars 
would, no doubt, approach these figures except for 
the fact that, normally, interurban service requires 
operation in city streets. It is true, however, that 
the route through a city to the terminal may be 
selected with regard to the clearance problem so 
that interurban cars may be both longer and wider 
than city cars operating in the same terminal 
towns. But this factor, in general, keeps length, 
and especially width, much less than in cases where 
private rights-of-way are used altogether. Sub- 
urban cars and those on the border line between 
suburban and interurban service range apparently 
between 8 ft. 6 in. and 8 ft. 8 in. in width, the 
former figure being common in the case of city cars. 
True interurban service, however, appears to call 
for widths from 8 ft. 9 in. all the way up to 9 ft. 
6 in., while length ranges from 55 ft. up to about 
61 ft. Seating capacities, as mentioned before, vary 


widely because some of the cars have baggage com- 
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partments that cut as much as one-fifth from the 
space available for the installation of seats. 

Rapid transit car capacities are even more 
strongly influenced by clearance limitations than 
those for interurban service. There is, however, 
an obvious tendency to adopt the largest possible 
size of unit in new constructions, where clearance 
lines may be established arbitrarily to suit the 
rolling stock that is to be operated. This is in 
evidence in the subway cars of both the Boston 
Elevated Railway and the New York Municipal 
Railway, which have respective over-all dimensions 
of 69 ft. by 9 ft..6 in., and 67 ft. by 9 ft. 9 in. 
Hither one of these cars would be considered large 
even for heavy electric traction. The object is, 
clearly, limitation of platform expense, and in view 
of the high first cost of building a subway of 
large cross-section to permit large cars, the ten- 
dency to build large rapid transit cars is further 
evidence of the workings of the general rule in car 
design to adopt the greatest dimensions permis- 
sible with existing conditions. 


Construction Materials and 
Framing Design 


Steel has become universally used for carbody framing within the past five years, although other ma- 


terials are probably more popular for roof and floor sheathing and for the finish in general. 


Semi- 


steel constructions with wooden posts are still used in city service but all-steel city cars are steadily in- 
creasing in number, thus bringing about a complete revolution in methods of construction and design 
which extreme simplicity and universal abandonment of supporting underframes are prominent features. 


EFERENCE has been made in a foregoing 
chapter to the fact that there has been a 
practically universal substitution of steel for 
wood as a material for modern car-body construc- 
tion. This change has been made very rapidly and, 
naturally, it has revolutionized car design from a 
structural standpoint, rendering wholly obsolete 


many types of construction that were common, at. 


least in city service, not more than four or five 
years ago. As a result there has become common 
to all new cars the plan of supporting the weight by 
the sides instead of by the floor framing. 

The use of the side framing to carry the weight 
of the structure as a whole is by no means a new 
idea, but so long as wood remained the most com- 
monly used material, the practice of building a 
light superstructure upon a heavy floor construc- 
tion retained popularity because it was cheap. Since 
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steel has come into use, however, the heavy under- 
frame has been rendered more costly than side 
supports, and the “house-on-a-flat-car” principle of 
construction has given way to the side-girder and 
truss-side designs. 


GENERAL PRINCIPLES OF MODERN DESIGN 


Between these two latter types there exist only 
differences in detail. The side-girder design pro- 
vides for load-carrying members composed of the 
side sheathing that extends only between the side 
sills and belt rails, while the posts are designed 
merely to carry a light roof. A modification of this 
is found in cars with steel roof sheathing supported 
by rather heavy corner posts, the rigidity of the 
steel roof being said to be sufficient to make the 
light side posts act as hangers at the center and 
ends of the car and aid in carrying the load at the 
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points of greatest deflection. In general, however, 
the idea of side-girder construction is to make the 
roof as light as possible, and this, together with 
certain difficulties that were originally found in 
making up satisfactory steel posts, has resulted in 
the establishment. and, to some extent, the reten- 
tion, of the so-called semi-steel car—a design pro- 
viding for steel-plate girders up to the belt rail, 
and wooden posts, letterboards and roof. 

For side-girder designs this combination of ma- 
terials is logical, but it is not altogether desirable 
because it has the inevitable disadvantage of in- 
viting excessive corrosion wherever the wood comes 
in contact with the steel. Its advantage lies in the 
fact that, when deflection, or bending due to load, 
takes place in the relatively shallow girders extend- 
ing only up to the belt rail, the light roof must 
bend with it and distort the posts. This distor- 
tion involves a certain working at the roof joints, 
and here the wooden construction has an advan- 
tage over steel in that it has inherent flexibility. 
If steel is used for the posts and roof, the slight 
working may involve either buckling of plates or 
else loosening of rivets, and these in turn are fre- 
quently followed by leaking joints, rusting and 
rapid deterioration. 

Such difficulties as these are avoided in the truss- 
side type of construction, \in which the whole side 
of the car is designed to act as a unit, the posts 
being made strong enough longitudinally with the 
car to absorb the shearing force that is set up be- 
tween the roof and the floor when deflection takes 
place. In consequence, the load-supporting mem- 
bers, or girders, are increased in height from, say, 
3 ft. to about 8 ft., and the rigidity of the structure 
is greatly increased, while any tendency to develop 
working joints is avoided. For city cars the addi- 
tional strength and stiffness is very generally con- 
sidered to be needless, and at the same time the 
strains are limited because of the rigid track and 
low speeds, thus reducing to some extent the ob- 
jectionable features of working posts and roof 
sheathing. But for high-speed cars the reverse is 
the case, and this is reflected by the frequent adop- 
tion of the truss-side principle in their design. 

The essential feature of such a construction ap- 
pears in a considerable longitudinal width of post, 
although the effect may be produced without using 
wide posts by introducing panels at the points of 
maximum shear which occur a short distance inside 
of the bolsters and at the extreme ends of the car. 
The equivalent of such an arrangement has ap- 
peared in rapid transit cars where window spacing 
may-be irregular, but under ordinary conditions the 
matter of appearance seems to be of sufficient im- 
portance to warrant the maintenance of the same 
dimensions for all posts, even though there may 
be no stress at all upon those located at the points 


of zero longitudinal shear, or at the center of the 
body and over each bolster. 

Rigidity in the posts against this shear is gen- 
erally provided by riveting them to the side sill, the 
side sheathing and the belt rail and to a deep steel 
letterboard at the top. However, the thickness of 
side sheathing has been decreasing very generally, 
42 in. having once been almost universal for city 
cars, while 345 in. is found most frequently to-day, 
and even 14¢ in. is not uncommon, and since sheets 
of less than 345 in. thickness have but a question- 
able girder strength on account of their readiness 
to buckle, it is probable that, when the thickness is 
less than this figure, the side-sheathing plates act 
only as gussets to hold the heavier members square. 
Plate thicknesses of 4% in. for high-speed cars 
are quite common for side sheathing, but when the 
so-called “unit” type of construction is used, the 
sheathing serves merely as a protection against 
the weather and is made 14¢ in. or less. 

In this unit type of truss-side design, each side 
post, together with half of the window width of 
letterboard on each side and two diagonal braces at 
the bottom of the post, are pressed out of a single 
piece of steel, and by riveting a series of these 
units to a side sill at the bottom and connecting 
them together at the top, the whole side framing 
of a car is formed. No belt rail is needed except 
as a top for the side sheathing, which, as above re- 
marked, does not assist the load-carrying structure. 
This, it may be said, constitutes probably the best 
illustration of the pure truss-side principle that 
is to be found in modern cars. 


SIMPLICITY IN DESIGN 


Simplicity in construction has really been forced 
into existence by the change in car-building meth- 
ods accompanying the introduction of steel. When 
wood was the sole material of construction, cars 
could be almost whittled out from the wood pile. 
Jigs and dies were practically unknown, and when 


similar methods of construction were applied to the 


earliest steel cars, the result was equipment of ex- 
cessive weight and unreasonable cost. 

In the later designs, however, the framework of 
the body has been simplified until it consists of 
nothing but a side-sheathing plate, a side sill, a belt 
rail, posts, carlines and a roof which may or may 
not include a relatively heavy letterboard or plate. 
These items, together with crossings that rest cn 
the flanges of the side sills and support the floor 
sheathing, comprise all of the pieces necessary for 
the framing of a car between corner posts, and 
with each addition that the designer makes, just so 
far does he fall short of his ideal. 

Undoubtedly the omission of center sills from the 
above list of essential members is worthy of com- 
ment because this marks most prominently the 
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dividing lines between the new and the old. During 
the past two years hardly a single order has been 
placed for city cars that were so equippea, and in 
the same period the center sill has begun to dis- 
appear from interurban car designs. For heavy 
service, equivalent to that provided by steam rail- 
roads, a form of center sill has been retained of 
necessity because this is called for by federal rules 
for postal-car design, but that it is not essential 
may be judged from the fact that structural mem- 
bers of the cross-sectional area of, say, 24 sq. in. 
as used for steam railroad equipment will not sup- 
port themselves across the space between bolsters 
of long cars, and in consequence they actually have 
to be held up by crossings between the two side 
frames. Under such circumstances the center sills 
have, no doubt, a certain collision strength, but the 
extent to which they relieve the body framing in 
case of a collision is problematical. The entire 
question of collision strength is, of course, less im- 
portant on electric railways than on steam roads 
where heavy trains are the rule, this being recog- 
nized in the federal specifications for postal cars by 
the assumption of a buffing load of 200,000 Ib. for 
electric railway service as against the 400,000 lb. 
specified for steam roads with trains weighing more 
than 300 tons. 


FLOOR CONSTRUCTION. 


Aside from the necessity for supporting center 
_ sills, the framing for floors has been notable in its 
adherence to the principle of simplicity, the pre- 
ferred arrangement being the use of crossings 
which are framed into the side sills at the bottom 
of the side sheathing. Vertical strength is provided 
through connections to the side framing. To give 
horizontal strength, which is supposed to be nec- 
essary to keep the car from being sprung out of 
line, gusset plates and diagonal members are very 
liberally installed in high-speed cars. For city cars, 
as well as those used in light interurban service, 
diagonal bracing is also used to give horizontal 
strength to the floor framing, but frequently these 
diagonals are so long that they may be stretched 
under comparatively light stresses and, therefore, 
they fail absolutely to provide any real rigidity. 

Within the past few years there has appeared, 
even for city cars, a tendency to use steel flooring, 
and when the material is of reasonable thickness 
and is riveted to the floor framing it would seem to 
provide ample stiffness in a horizontal plane, al- 
though in a recent city car a thickness of only 14» in. 
has been used, this being plainly incapable of exert- 
ing any great girder strength. 

Naturally, when a steel floor is adopted there is 
a very definite need for a covering not only to 
provide a secure footing, but also to insulate the 
floor against extremes of outside temperature. Com- 
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pressed granular cork about 1 in. thick appears to 
fulfill the requirements very satisfactorily, and 
with a surface of battleship linoleum it has been 
utilized in several recent cars. This arrangement 
has hardly been in electric railway service long 
enough to demonstrate its desirability under all cir- 
cumstances, but that it has been used for years on 
the decks of steamships points to its probable dur- 
ability, and as a matter of fact linoleum has ap- 
peared as a floor surfacer even in some recent cars 
with wooden floors. Heat insulation for the floors 
of heavy, high-speed cars very generally takes 
the form of a layer of mineral wool or some such 
material, supported on a false floor of thin steel 
that is loeated a few inches below the main flooring. 

Floorings that are most commonly used include, 
first of all, wooden sheathing which has the ad- 
vantages of low first cost and simplicity because 
it may be attached direct to the floor framing over 
reasonably long spans. At the same time it pro- 
vides an excellent footing on its upper surface. It 
is undoubtedly the most popular material for floor 
sheathing on city cars. For heavy cars, however, 
and especially in the case of rapid transit service, 
the sanitary qualities of a cement composition that 
may be molded up into smoothly-curving coves at 
the walls and at corners where dust might readily 
collect, have been considered of prime importance. 
Such composition floors, which weigh about 7% lb. 
per square foot when made 11% in. thick, are gen- 
erally laid upon steel sheets corrugated in various 
forms to provide beam strength, and these sheets 
span the space between the side sills and center 
sills, thus eliminating the need for longitudinal 
members that would be required with the lighter 
forms of floor. The use of corrugated steel has in- 
volved, in many cases, a rather rapid corrosion 
throughout the under surface of the floor because 
of the tendency of flying mud or dust underneath 
the car to become caked in the hollows. Conse- 
quently there has been a tendency to use non- 
corrodible ingot iron for floors as well as for roofs 
and side sheathing. 

The footing that such composition floorings pro- 
vide may be made ideal by the introduction of a 
small amount of anti-slip material in the cement 
mixture, thus making the whole floor a safety 
tread in effect. However, specially designed safety 
treads have come to be universally used on the sur- 
faces of all steps and at bulkhead and vestibule 
thresholds regardless of the type of flooring. The 
need for them is obvious, especially in wet weather 
when the customary wooden steps and wooden ves- 
tibule floors are saturated with water and in con- 
sequence are slippery. One of the recent develop- 
ments in this field is the elimination of the metal 
side housings for the strips of abrasive material 
which have been common in the past. In this case 


Exposed Carline Finish for Ceiling 


the abrasive material is completely exposed, being 
held together by a soft metal binder composed 
largely of lead. The required durability is attained 
by the hardness of the abrasive grains. 


ROOF CONSTRUCTION 


Roof constructions for modern cars, like their 
floors, are essentially simple in design. The mon- 
itor deck has finally been relegated to the list of 
antiquities, and with the plain-arched roof that 
has replaced it, the entire roof structure is com- 
posed almost invariably of no more than carlines, 
a roof sheathing and a weatherproof covering. 

Generally, the carline spacing corresponds with 


that of the side posts and it is very seldom that - 


intermediate carlines are used. Steel is a much 
preferred material for carline construction even 
with semi-steel cars, this being made possible by 
the gradually increasing degree of sanity in the 
railway operators’ viewpoint on the contours for 
arched roofs—a most unimportant feature which 
nevertheless has made a lot of trouble because of 
the insistence with which special outlines have been 
demanded in the past. At present, however, there 


Framing for Center-Entrance Car with Steel Roof 
and T-Bar Posts 
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is an evident tendency to accept some contour for 
which the car builder already has dies, and this 
permits the oe of steel carlines at a rea- 
sonable cost. ie 

As in the case of the floor, the most, nooulae ma- 
terial for roof shéathing for city cars is wood, be- 
cause of its low first cost and ready, adaptability 
in application and in weatherproofing... Steel roof- 
sheathing has certain previously mentioned struc- 
tural advantages, but it also has serious disad- 
vantages unless the car is of the truss-side design 
that permits the roof to act in harmony with the 
framing, this being more common for high-speed 
cars than for city cars. Nevertheless, there is evi- 
dence of increasing popularity for the steel roof 
in city service in thicknesses as small at No. 18 
gage, although it will be a long time, no doubt, 
before steel, or any of the composition-board ma- 
terials which also have begun to come into use for 
the purpose, will surpass wooden sheathing in pop- 
ularity. 

With the steel roof, of course, there are two 
major difficulties, namely, weatherproofing and in- 
sulation. Within the last few years the former has 
been overcome by electrically welding all seams 
after they have been riveted, but still more recently 
a number of cars have been built with a 1-in. layer 
of compressed cork on top of the steel sheathing, 
and when this is covered by a layer of roof covering 
cemented to the cork, the roof is made tight and 
is insulated as well. Such a construction has the 
advantage of eliminating the need for headlining, 
and hence the carlines are exposed in the car in- 
terior. From the standpoint of appearance the 
result, of course, is unconventional, but it is pleas- 
ing, nevertheless, because the monotony of the plain 
ceiling is broken up into panels by the exposed 
carlines. 

Where an uninsulated steel roof sheathing is used 
headlining is generally considered as a necessity 
so that a dead-air space may be provided. How- 
ever, on some very recent cars,-designed mainly 
for summer use, neither headlining nor insulation 
has been provided. With roof sheathings other 
than steel the need for headlining is, at least, 
problematical, although it is very widely used at 
the present time, presumably because of excessive 
conservatism in regard to the above-mentioned 
matter of appearance of exposed carlines. Birch 
veneer or sheets of compressed wood fiber or equiv- 
alent compositions are almost invariably used as‘a 
material for this purpose, and the customary thick- 
ness of 14 in. makes a weight of 0.8 lb. per square 
foot or, say, 200 lb. for the whole headlining. This 
constitutes a material addition to the weight of the 
roof, which if made of plain 4¢-in. steel would 
weigh 21% lb. per square foot, or about 3% lb. per 
square foot when cork insulation is installed. A 
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3£-in, wooden roof sheathing would have less beam 
strength than the steel, and less gusset strength, 
but would weigh about 11% lb. per square foot, in- 
cluding the necessary canvas covering. The latter, 
it may be said, appears in many recent cars in the 
form of a specially woven cotton fabric impreg- 
nated and coated with a combination of oils to 
make it weatherproof. This fills the material so 
that it is necessary to paint only with one coat to 
give it the desired color. The weight ranges from 
8 oz. to 4 oz. per square foot. 


POSTS AND SIDE-FRAMING 


The wooden side posts that are used with semi- 
steel cars display no differences from those used 
years ago when all-wooden cars were the rule, and 
they warrant no comment except, perhaps, that the 
straight post has come to be invariably used since 
the so-called hub clearance for city cars has been 
given up. Steel posts may be separated into four 
classes, namely, the T-bar, the tubular, the U-shape 
and the built-up, and each one of the designs has 
strong supporters. 

Generally, when the T-bar post is used it is 
so made as to arch clear over the car and thus 
provide a pair of posts and a carline in a single 
member. It has, thereby, the great advantage of 
simplicity, but the necessity for attaching window 
guides of steel or wood offsets this to a certain 
extent. Since it has but little rigidity it is in- 
capable of withstanding any great longitudinal 
shear and it can be used, therefore, only with side- 
girder designs. This limitation applies also to the 
tubular post, which seems now to be less popular 
than the other forms, possibly because of its high 
first cost. The tubular post, however, is the acme 
of simplicity once it is molded to form the window 
guides, and it can be easily repaired, if it is dam- 
aged, merely by driving into it a piece of iron 
that is shaped to suit the various grooves and 
corners in the original cross-sectional contour. 

The U-shaped post lacks the inherent simplicity 
of the foregoing types, but as opposed to this it is 
very easily made up or repaired because of the thin 
metal and the possibility of access to the inside 
before the cover plate, which is customarily used, 
is attached. For city cars of the side-girder de- 
sign these posts are made of, say, No. 16 gage sheet 
steel, with a cover plate of the same material 
riveted with exterior joints across the open part 
of the “U.” In some cases the carlines have been 
formed to the same shape and inserted in the ends 
of the posts, thus giving the same effect as the 
continuous T-bar construction previously cited. 

The “built-up” post is designed with consider- 
able width solely for truss-side constructions, hav- 
ing two structural members, one at each edge, and 
a plate connecting the two to give a strut having 
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great longitudinal rigidity. The plate thus acts 
as the web of a girder of which the members along 
the post’s edge (generally angles) serve as the 
flanges. Such a design is, of course, more com- 
plicated and more costly than the other types and 
it is, in consequence, common only for high-speed 
cars where truss-side constructions demand great 
longitudinal strength for the posts. 

Side sills for light city cars are frequently 3-in. 
angles with the lower leg turned horizontally in- 
ward, and these members increase in size with 
harder service all the way up to an 8-in. channel 
for 70-ft. high-speed cars. The belt rail is gen- 
erally in the form of a piece of flat steel or a drop- 
per bar, say, % in. x 3 in., or 14 in. x 4 in., the 
long vertical dimension permitting it to hold the 
posts rigid when they are attached to it. 

At their upper ends the posts are, of course, at- 
tached to the letterboard, and this, if made of steel, 
has a thickness ranging from 1/16 in. to ¥g in. and 
sometimes, in heavier cars, has been reinforced with 
horizontal angles. In high-speed cars of truss-side 
construction the importance of the letterboard is 
much more likely to be underestimated than over- 
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estimated, and it is significant that there has been 
inaugurated a recent design in which the customary 
ornamental Gothic sash above the windows have 
been discarded to deepen the letterboard. An ap- 
proximation of the same idea appears in some cars 
that have the window rail at the bottom of the 
upper sash continuous for the whole length of the 
car, the rail being framed into each side post. 


PLATFORM AND BoDY-END CONSTRUCTION 


With the practically simultaneous development of 
steel construction and the fully-inclosed car, the 
platforms for city cars have become more and more 
an integral part of the body rather than an attach- 
ment that merits only secondary consideration. 
Main platform knees are now made frequently of 
deep built-up sections with a beam strength cor- 
responding to that of the side girders to which they 
are riveted, and occasionally the platforms are sup- 
ported largely by the roof. Sagging platforms 
are practically unknown with properly designed 
steel cars, and the auxiliary platform knees near 
the center line of the car appear to be required to 
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ment of weakness introduced by the large vestibule- 
door openings, bulkheads could be eliminated alto- 
gether. 

In the case of high-speed cars transverse strength 
for the superstructure has been elaborated in a 
number of instances by the introduction of a moder- 
ately heavy plate running for the entire length of 
the car and riveted to the carlines, thus acting like 
the flange of a channel whose web is the side fram- 
ing. Such a stiffening member, in combination 
with properly designed carlines, would permit a car 
to be rolled over on its eaves without destroying the 
superstructure. This, it may be said, constitutes 
an argument for a flat roof contour, because when 
the angle between the roof and the sides at the 
eaves is a sharp one, the construction approaches 
more nearly to the ideal condition of strength in 
every direction that is displayed by a commercial 
angle-bar. 

High-speed car platforms, of course, have always 
been constructed as an integral part of the car and 
have developed along lines wholly different from city 
car platforms. The reason has been that the high- 
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High-Speed Motor Car for Electrified Lake Erie & Northern Railway 


provide support against buffing strains at the center 
of the crown piece rather than for any supporting 
effect that they may have. 

The end sill, which at one time had a very definite 
value as the base for the bulkhead in the old box 
cars, has also lost much of its importance and 
serves now more than anything else as a support 
for the auxiliary platform knees midway between 
their anchorages at the bolster and crown piece. 
The center-entrance car no doubt has had much to 
do with the situation, since it has shown definitely 
that there is no necessity for elaborate provisions, 
such as were once introduced at the corner posts, 
to stop weaving of the superstructure. Occasionally, 
special means for insuring. transverse stiffness of 
the corner posts are installed, but in the main the 
bulkheads of modern cars are relatively shallow 
and light structures, dependence for rigidity of the 
roof being placed largely upon the strong connec- 
tions between the posts and carlines that have been 
made possible by the use of steel and the plain- 
arched form that the roof generally takes. It is 
obvious, of course, that, except for a possible ele- 


speed, end-platform car has for years had its plat- 
forms supported on extensions of the center sills 
which carry also the bumper beams, vestibule hous- 
ing and draft rigging. The universal use of in- 
terior steps for the vestibules has, in fact, prac- 
tically compelled this arrangement, and under such 
circumstances the use of heavy bulkheads and end 


- sills has been obligatory. The end sill is especially 


important because it serves as the last point of 
support for the out-board ends of the center sills. 
In this connection it might be well to mention 


the scheme used on the Pennsylvania and Long 


Island motor cars whereby no body bolster is in- 
stalled, the center plate being attached to the center 
sills, while these in turn support the car body at 
the end sill and at a so-called cantilever beam ex- 
tending across the car at a point equally distant 
from the center plate. Thus the overhanging ends of 
the center sills that support the platform are pro- 
vided with an anchorage which gives a much 
greater leverage than when the sills are anchored 
only at the bolster. 

Mention might also be made in connection with 
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the end construction of high-speed cars, of the anti- 
telescoping construction used for the latest Long 
Island Railroad trail cars. This consists in the in- 
stallation of two vertical 12-in. I-beams each framed 
into one of the two center sills at the bottom and 
located on either side of the end doorway. At the 
top, each I-beam is framed into a purlin that ex- 
tends for the full length of the car and is riveted 
to.each-carline that it crosses. Thus the anchorage 
of the heavy upright I-beams develops the full 
strength of the body construction as a whole, and 
before the car could be telescoped it would be neces- 
sary to destroy every one of the connections be- 
tween the side frame and the center sills and pur- 
lins that back up the uprights. This arrangement, 
of course, does not add to the strength of the car 
against cornering impacts, and here it might be 
said that the center entrance for high-speed -cars 
has a certain advantage in this regard over the end 
entrance. The latter, because of the interior steps, 
depends upon the strength of the bumper beam in 
a cornering collision, and this has been demon- 
strated in practice to have not nearly so much 
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number of cases for sidelining below the window 
sills when an air space is provided next to the side 
sheathing, and steel is also semi-occasionally used 
for this purpose as well as for headlining, although 
the latter use is very rare. Other types of side- 
lining appear in the form of cork covered with lino- 
leum or with canvas cemented in place, and it might 
be said that the latter arrangement, although it 
may seem to be incapable of standing much hard 
usage, makes strong and durable construction. 

Sheathing for steel posts is sometimes provided 
in the form of wooden cover pieces, not so much 
on the grounds of appearance (although such a 
finish may be made very handsome), but rather to 
prevent exposure of cold metal to passengers’ hands 
during low temperature weather. Composition 
board has been used for this purpose and also thin 
sheet-steel forms which provide a space that may 
be filled with mineral wool or some other type of 
heat-insulating material. The same result has been 
accomplished more simply when tubular or U-shaped 
side posts are used, merely by filling the interior 
of the post with mineral wool. 


Semi-Steel Design Adopted in 1913 by Chicago Railways 


ability to resist damage as the corner of a car in 
which the thrust is taken by the actual side fram- 
ing of the body. 

For city cars the problem of buffing strength is 
confined to the vestibule floor framing, and here the 
modern tendency of simplicity shows to especially 
good advantage, since the old-style complication of 
multiple crown pieces has been discarded very fre- 
quently for the plain arrangement of riveting plat- 
form knees direct to the anti-climber. That heavy 
backing for the bumper is not necessary has been 
definitely shown in practice, steel cars that use only 
an anti-climber for a crown piece and bumper hay- 
ing stood severe impacts without as much damage 
as might be expected with an old-style wooden plat- 
form. 


INTERIOR FINISH AND INSULATION 


Reference has already been made to the practi- 
cally universal use of birch veneer or composition 
board for the headlining. This is the most important 
item in connection with interior finish, although its 
necessity on the grounds of appearance plainly does 
not exist. Composition board is used also in a 


Insulation against noise is a feature of steel car 
construction that has been brought up only very 
recently, but it is almost as important as insula- 
tion against heat and cold. Of course, the steel 
car is subject to the evil effects of resonance when 
passing over rough track or special work, and to 
eliminate the noise, the plan of deadening all riv- 
eted joints has been introduced. This has been 
accomplished very successfully by inserting, be- 
tween the two plates making up each joint, a layer 
of about 1/16 in. of felt. It has been found that 
this material compresses sufficiently under the riv- 
eting pressure to obviate working or weakening of 
the joint, and at the same time there have been no 
evidences of burning when hot riveting is em- 
ployed. The result is that the whole car is thor- 
oughly deadened, and when it is struck with a 
hammer at any point, the customary ringing sound 
is absent. In practice a car of this construction 
has been found to pass over special work with 
almost no noise that is noticeable, at least to the 
extent of being objectionable to passengers inside 
of the car. 


Heating, Ventilation and 
Lighting 


Except for improved methods of control, electric heaters could hardly have been retained for modern cars 
because recent increases in inclosed volume for carbodies and decreases in weight would otherwise have 


doubled the percentage of the total energy demand that is consumed by the heaters. 


Requirements of 


ventilation have also been somewhat increased since the principles involved are becoming better under- 
stood, but the energy demands for lighting have been greatly reduced with the practical standardization 
of systems using high-capacity lamps and vertical glass-ware reflectors to diffuse horizontal light rays. 


EATING, ventilation and lighting of pas- 

senger car bodies may be classed as func- 

tions which may be only incidental to elec- 
tric railway operation, but which are, never- 
theless, essential to public convenience. That 
they should be satisfactorily performed is, there- 
fore, a matter of material importance, and in recent 
years a great deal of attention has been devoted to 
the perfection of equipment designed with that end 
in view. However, this has not resulted in the 
development of any definite tendencies for modern 
practice except in regard to car lighting, for which 
general approval has been granted to the semi- 
direct system with the use of a few large lamps 
whose horizontal rays are diffused by glassware 
reflectors. Opinion with regard to heating and ven- 
tilating methods is decidedly divided at the present 


time. This is especially marked in the case of ven- 
tilation, possibly because of the unfortunate at- 
tempts of a few cities to settle by ordinance the 
complicated technical questions involved, and the 
resulting interference with the orderly, if slow, 
process of survival of the fittest, whereby unsatis- 
factory methods are invariably eliminated, has left 
the whole subject in a chaotic condition. 

This lack of definite settlement of the ventila- 
tion problem has, very naturally, had a disturbing 
influence on the problem of car heating because 
the two operations are so closely allied. Thus, an 
approximate analysis of the expenditure of heat in 
an ordinary city car, according to the Carpenter 
heat-loss formula, shows that the loss due to 
changes of air at the rate of ten per hour is 40 per 
cent of the whole heat consumption, while the 
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radiation loss from the windows is only 35 per cent 
and that from the floor, roof and side sheathing is 
25 per cent. If, then, the air changes could be 


eliminated, the heating requirements would be al- 
most cut in half. 

Leaving aside, for the present, consideration of 
the ventilation problem, two alternatives appear in 
connection with the heating of cars, namely, the 
use of the coal-fired heater, generally in connection 
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Chicago car in which the energy consumed by the 
electric heaters when on the third point amounted 
approximately to 7.75 kw., this being equivalent to 
3.75 watts per cubic foot of volume within the car 
body—by no means a high figure, since a unit 


heater capacity of 4.5 watts per cubic foot of car-_ 


body volume has been recommended frequently for 
localities where zero temperatures are common. The 
car in question had old-style, non-inclosed vesti- 


Typical Modern Electric Heaters 


with a forced-draft system, and the use of the elec- 
tric heater which may or may not be used in con- 
nection with a mechanical ventilating system. For 
modern city cars, the electric heater seems to be 
. the most popular, numerically speaking, the obvi- 
ous reason being that it is particularly well adapted 
to the mild climatic conditions that obtain through- 
out the major part of the country except for oc- 
casional cold snaps, and it is only in localities 
where cold weather is protracted that the coal-fired 
heater (considered purely as a heating device) has 
come extensively into competition with it. For 
interurban service, however, the coal-fired heater is 
very frequently used because of the greater demand 
for heat and the greater cost of electric current in 
such service. 


HEATING WITH ELECTRICITY 


Primarily the advantage of the electric heater 
lies in its light weight, low fire risk, low mainte- 
nance, reliability, accurate regulation, limited oc- 
cupancy of space within the car body, cleanliness 
and freedom from dirt or obnoxious gases. It in- 
volves a minimum amount of attention from the 
car crew, and its appearance is excellent. When 
used in connection with thermostatic control—a 
most important development that was introduced 
a few years ago—the operation is entirely auto- 
matic and, to some degree at least, the high cost 
of the electric energy is reduced. 

In especially cold climates this item of operating 
cost of electric heaters is a serious one. Its im- 
portance has been emphasized within the past few 
years through the introduction of fully-inclosed 
cars without bulkheads, and also indirectly through 
the great decrease in car weight that has recently 
been in evidence. As an example of the way in 
which this has worked out, there may be cited 
a widely published test made some years ago on a 


bules and weighed 30 tons, including about 2 tons 
of live load. The energy required to move the car 
amounted to 37 kw. on an average, or at 9 m,p.h., 
187 watt-hours per ton-mile. In this case, there- 
fore, the heaters added 21 per cent to the load on 
the power house, and this is by no means an 
unreasonable figure. 

On the other hand, a strictly modern car 
might weigh only about 15 tons, or with passengers, 
say, 17 tons. Using the above menticned unit 
energy consumption of 137 watt-hours per ton-mile, 
the total power required for the propulsion of the 
car must be 23.8 kw. The energy consumed by the 
heaters, however, is greater in a modern car with 
fully-inclosed platforms because of the greater vol- 
ume of air to be heated, the additional volume in 
the case under consideration being about 30 per 
cent. In consequence, the heaters would consume, 
using the same unit figure as in the previous para- 
graph, about 10 kw. This is no less than 43 per 
cent of the power required to propel the car. Such 
a great addition to the normal load involves the 
equivalent of a separate power house to supply the 
electric heaters, and since the load factor of heaters 
is invariably low, the cost of the energy thus re- 
quired is correspondingly increased, a figure rang- 
ing between 2 cents and 2.5 cents per kilowatt-hour 
being not unreasonable under normal conditions. 

Obviously, the major part of this high unit cost 
for current to supply electric heaters lies in the 
excessive demand charge caused by the synchronism 
of the peak of the heater load with the peak of the 
normal propulsion load. The actual consumption 
of energy is an almost insignificant element in the 
cost, and from this it follows that, when synchro- 
nism of the two peaks can be avoided, or where cold 
days are sufficiently rare to permit a heater instal- 
lation of only moderate size (thus letting the heater 
load be carried as an overload on the generating 
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equipment) the unit cost of energy for the heaters 
may be considerably reduced. 

The cost of energy that may be properly charged 
to the heaters is reduced also when advantage is 
taken of the heat given out by the bodies of the 
passengers during the rush hour, the principle in- 
volved being that the normal peak on the power 
house comes only at times when the cars are 
crowded, and this is the time when the cars are 
most easily heated. Results may be obtained either 
by changing the heater control by hand to a lower 
point of heat when the cars fill up, or else by in- 
stalling automatic control for the heaters so that 
they operate only in accordance with the actual 
needs. The influence of this human heat is a most 
important item in car heating, since a load of 
eighty-five passengers gives out approximately the 
same number of heat units as 10 kw. of heaters. 
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the movement produced by temperature changes on 
a receptacle composed of double diaphragms and 
containing a volatile liquid. Another make uses the i 
movement of mercury in a thermometer, a control 
circuit being opened when the mercury falls away 
from a contact point extending through the wall 
of the thermometer tube. 

With all types of thermostat the regulation is 
extremely sensitive, the thermometer type being 
able to cut the heaters in or out with a change of 
2 deg. in the air temperature of the car. Such 
devices, therefore, permit the elimination of the 
two-coil type of heater which has become common 
in connection with three-point manual control. 
However, it is a policy of some railroads to have 
the thermostat operate different heater circuits at 
different periods according to climatic conditions, 
and since the only advantage of the single-coil 
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Arrangement of Apparatus and Wiring for Two Types of Thermostat 


Thus, heater tests that are made only on empty 
cars are meaningless, except to show the worst 
possible conditions. With a full load of passengers 
it may be necessary to shut off the heaters alto- 
gether. 

ELECTRIC HEATER CONTROL 


It is, therefore, almost impossible to over-em- 
phasize the importance of controlling electric heat 
during the rush hour. Control, of course, may be 
obtained by hand, but it has been thoroughly dem- 
onstrated that car crews have neither the time nor 
the ambition to pay even moderately close atten- 
tion to the refinements of heater operation. 
To meet this difficulty, automatic control of the 
heaters offers the most obvious opportunity, and 
since thermostats designed for this purpose were 
placed upon the market a few years ago, they have 
grown rapidly in popularity, one type, which has 
been installed on 3000 cars during the past four 
years, having never had a serious complaint regis- 
tered against it. 

Thermostats for the control of electric heaters 
appear in several forms. One of these makes use of 


heater is a slight difference in first cost, it appears 
to be considered preferable to install the three cir- 
cuits of different resistance as normally provided 
with manual control, 

At the present time, therefore, the majority of 
electric heaters are provided with two coils which 
may be used either singly to give different resis- 
tances, or else in multiple together to give the high- 
est degree of heat. Other features of modern 
heaters consist in the use of perforated ventilated 
porcelain cores to support the resistance coils, these 
perforations allowing air to pass freely through the 
coil and making the heater wire more effective in 
giving up heat. Non-corrosive resistance wire is 
also a feature that has met with considerable popu- 
lar favor, a nickel-copper alloy eliminating corro- 
sion during the summer months when the moisture 
is liable to collect upon the metallic surface. This 
has been known to limit the life of resistance wire 
to some two years. The desire for reduced main- 
tenance charges has also brought about quick de- 
tachable constructions whereby the heater element 
may be removed by loosening a few nuts, thus mak- 
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ing it possible to replace an element on the car 
without removing the complete heater. 

Comment might be made here upon the possible 
savings in current consumption to be effected by 
thermostat control. Unfortunately, there appear to 
be no extended tests giving representative figures, 
but the indications are that the saving will be in the 
vicinity of 25 per cent of the total current con- 
sumption in moderate winter weather, although a 
figure of 70 per cent has been reported. 

However, the really important saving to be ef- 
fected by the thermostat is not in the reduction 
of the kilowatt-hours consumed during the course 
of the heating season, but rather in the reduction 
of the peak load that the heaters impose upon the 
power station during the rush hour. Thus, if the 
full heater load of, say, 10 kw. per car, has to be 
kept on through- 
out the rush 
hour, and if the 
heater load has to 
be carried by ad- 
ditional gener- 
ating equipment 
rather than by 
overloading the 
existing equip- 
ment, there would 
be a charge of 
$180 per car per 
year, approxi- 
mately speaking, 
to cover the 
fixed charges for 
the demand alone. 
Yet, the probable 
energy charge 
for the current 
would be only 
$50 per year. In other words, if the peak load 
for the heaters could be cut in half during the 
rush hour by taking advantage of the bodily heat 
of the passengers or by other means, even though 
the total current consumption might be but little 
affected, the true total cost of the heat for the year 
would be reduced by 40 per cent, or from $230 to 
$140. A 7 per cent reduction would cover the first 
cost of the thermostat. 


Empire United Railways to Reduce 


COAL-FIRED HEATERS 


Since the demand for light car weight became 
pressing, the various heating systems that make 
use of the combustion of coal have been increas- 
ingly limited to the so-called hot-air type of heater, 
in which ventilating air is warmed by contact with a 
coal stove and transmitted by a duct to the various 
parts of the car. The hot-water heater, notwith- 
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standing its low first cost and its ability to heat the 
car uniformly and with reliability, has an extremely 
weak point in its excessive weight, and at the same 
time it has no advantage over the hot-air heater 
in the matter of attention required by the car 
crew, the lack of cleanliness, the necessity for 
maintenance and the occupancy of space within the 
car. In city service, at least, the hot-air heater is, 
therefore, the only modern competitor with electric 
heat, although the hot-water heater appears on a 
number of recent high-speed cars. 

The feature of either coal-fired system is the low 
cost of direct operation in which the major item 
is the expense for coal. Leaving aside the hot-water 
system because of its restricted field, it may be 
said that the cost of coal for hot-air heaters 
ranges from, say, $30 up to $50 per year, and the 
cost of operation 
thus compares 
very favorably 
with the expense 
for current of, 
say, $200, that 
may be involved 
in city service 
with the electric 
heater. The first 
cost for the hot- 
air system, 
cluding the _ in- 
stallation of the 
air duct, is rela- 
tively high, being 
from 50 per cent 
to 100 per cent in 
excess of the cost 
of electric heaters, 
and the mainte- 
nance, owing to 
the moving parts involved by the use of a forced- 
draft fan, is also greater. 


in- 


In cold weather, however, the cost of operation is 
so much less than that of electric heaters that when 
the two are compared upon a basis involving only 
extreme climatic conditions rather than operation 
during the whole heater season, the expense of 
electric heat appears to be absolutely prohibitive. 
Nevertheless, such comparisons are really meaning- 
less unless all factors are taken into consideration, 
including the relatively warm variable weather of 
spring and autumn, the smaller capacity of electric 
heaters required on account of their ready regula- 
tion, and the indirect factors such as cleanliness, 
attention by the train crew and the like. Briefly, 
the place for the hot-air heater appears to be in 
localities where prolonged cold weather is the rule 
during the winter. If power is purchased upon a 
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flat rate, this item of cost in connection with elec- 
tric heat is not of great importance, but where 
the use of peak-load power is penalized heavily, as 
it is in some situations, the factor of cost of cur- 
rent may be of even more influence than the cli- 
matic conditions in comparing the two systems as 
it may make the electric heater cost prohibitive and 
thus compel the use of hot air. 


VENTILATION OF CARS SUBJECT TO PRINCIPLES NOT 
APPLICABLE IN BUILDING VENTILATION 


Closely associated with the whole subject of pas- 
senger car heating is the problem of ventilation. 
The temperature maintained by any heating sys- 
tem, in fact, is dependent to practically as great 
an extent upon the amount of fresh air that is ordi- 
narily admitted into the car body for ventilating 
purposes as it is upon the radiation losses from the 
windows and walls of the car. Unfortunately, re- 
cent developments have failed to establish even 
symptoms of a standard for car ventilation either 
in regard to practice or in connection with the 
equipment by which it is effected. 

Apparently there are two reasons for this situa- 
tion. One is that legislation on the subject of 
ventilation has been based upon the practice and 
principles applying to building ventilation, and 
these principles are, almost obviously, not appli- 
cable to the case of the electric railway car. The 
other reason is that no legislative enactment has 
yet made provision for the lack of constant con- 
ditions obtaining in railway service, and by this 
failure to provide flexibility in the ordinances, rail- 
ways are forced either to take a chance in neg- 
lecting to comply with the terms or else must be 
put to a wholly unreasonable hardship. 

With regard to the lack of applicability, to elec- 
tric railway service, of commonly accepted practice 
for ventilating buildings, it may be said that the 
principal difficulty involved is a general neglect of 
the influence of room volume in connection with 
systematic ventilation. Existing data on the sub- 
ject involves in all cases consideration of situations 
wherein each occupant of the room, or other in- 
closed volume that is to be ventilated, is accorded a 
cubic space ranging from several hundred to several 
thousand cubic feet. Also, in many cases practice 
is based on what is known as unsystematic venti- 
lation, wherein incidental leakage plays a large 
part. Diffusion of pure air and foul air is always 
carried to its logical extreme. 

As opposed to these conditions, an electric rail- 
way car generally provides a space of only about 
30 cu. ft. per passenger, and at least of late years, 
a very definite attempt to secure systematic venti- 
lation is frequently made. It has become not un- 


common to change the air within the car as fre- 
quently as ten times per hour, and this is a rate of 
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air renewal that is twice as rapid as that set by 
some authorities even for restaurants, where the 
odors that are the real basis for most agitation in 
regard to ventilation may be said to be almost 
a maximum. 

An example of the manner in which the factors 
of cubic space and frequent air renewal apply to 
ventilation may be given by citing two extreme 
hypothetical cases. Thus, if a l-in. by 11-in. 
duct contained a stream of fresh air flowing at 
1 ft. per second, and if a man placed his mouth 
at an opening in the side of the duct and breathed 
only through this opening, he would find the venti- 
lation excellent. As a matter of fact, he would be 
supplied with only about 35 cu. ft. of air per hour 
(one-tenth of the.amount required in the Chicago 
ventilation ordinance), but since he would vitiate 
only about 15 cu. ft. of air per hour this small 
supply would be ample under the conditions. How- 
ever, a supply of 35 cu. ft. of air per hour would 
be wholly inadequate in a large room. Thus, if the 
man was in a cell 20 ft. square and 20 ft. high, 
and if the cell was hermetically sealed except for 
ventilating openings that supplied 35 cu. ft. of air 
per hour, he would begin to suffer very seriously 
after two days and eventually might succumb, pro- 
vided, of course, that he could not reach the air 
inlet to obtain fresh air direct. The reason for 
this contradictory situation is that in the former 
case the number of changes of air per hour would 
be 3600, while in the second case only about 0.005 
renewals per hour would take place. 

It is evident, therefore, that the problem of 
ventilation for electric railway cars is not likely 
to be worked out off-hand by the use of data ob- 
tained in another field, where the influence of the 
factor of air change is of minor character, and 
until more direct information regarding air re- 
newals has been obtained it is certain that the 
problem will remain in its present chaotic condition. 
However, recent experience has pointed to the fact 
that cars in which ten renewals of air are made per 
hour appear as a rule to be well ventilated. 


CARBON-DIOXIDE MEASUREMENTS 


In general, it must be recognized that the pub- 
lic invariably considers, and probably will always 
continue to consider, that ventilation is synonymous 
with odorlessness. This, of course, complicates the 
problem because the railway, as a public carrier, is 
bound to grant transportation to every one request- 
ing it, and a car well filled with workers from a 
glue factory is hardly likely to be considered prop- 
erly ventilated by a florist’s clerk regardless of the 
rate of air renewals. 

It is this feature of odors that causes carbon- 
dioxide measurements to be made a part of venti- 
lation tests and brings about their inclusion in ven- 
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tilation ordinances. Theoretically, the principle 
here involved is a thoroughly logical one because 
carbon-dioxide is a tasteless, odorless gas, and the 
fact that it is an approximately fixed component 
of air that has been vitiated by human beings 
permits its measurement to serve as an indication 
of air quality and the degree of ventilation. Tests 
based upon such measurements are absolutely in- 
dependent of the question of odor which, in the 
main, has no effect upon physical well-being. Ac- 
cording to a number of investigators, a proper 
standard of purity is maintained when the carbon- 
dioxide content ranges from 10 volumes to 13 vol- 
umes per 10,000 volumes of air, the latter ratio 
being recommended for buildings by the more re- 
cent authorities. Thus the standard for breathable 
air contains roughly three times as much carbon- 
dioxide as the air ordinarily found in cities, which 
has generally roughly 3.5 parts per 10,000 volumes. 

Although this principle of measurement is log- 
ical it has a serious weakness in the great difficulty 
of its application. In a large room, perhaps, where 
thorough diffusion of: pure air and vitiated air has 
taken place, measurements may be made with a 
reasonable degree of accuracy. However, where 
a rapid renewal of air is taking place and where 
people are crowded together, as in the case of a 
railway car, there is every possibility of obtaining 
readings from pockets of air that contain high 
percentages of carbon-dioxide, and it is notorious 
that observers, especially when not exceptionally 
experienced, always obtain unduly high results. 

Consider, for example, a space of 35 cu. ft., 
through which 350 cu. ft. of air is passed in an 
hour, so that the air is changed ten times per 
hour, or once in six minutes. One man in this 
space will throw off 0.06 cu. ft. of carbon-dioxide 
during each six-minute period, and if perfect diffu- 
sion exists, there will be in the air at all times 
(allowing for the three and a half parts of carbon- 
dioxide in ordinary city air) approximately 20 parts 
of carbon-dioxide per 10,000 volumes of air. If, 
however, the entering air supply, which is about 
twenty-five times the amount actually passing 
through the lungs of the average adult, is brought 
in at breathing level and the vitiated air is moved 
upward in a systematic manner, the action will 
approximate that of the previously cited case where 
a man breathes from a small duct, and the air that 
is actually breathed will be of as high a standard 
of purity as may be expected in acity. The vitiated 
air rising toward the ceiling of the car will show a 
content of several times as much carbon-dioxide as 
in the case of perfect diffusion. 

In the ventilating ordinance that was passed in 
the city of Chicago some seven years ago a min- 
imum air supply of 350 cu. ft. of air per passenger 
per hour was specified in addition to a limitation of 
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the carbon-dioxide content to not more than 10 parts 
in 10,000. Yet the latter provision is clearly im- 
possible of attainment, is indicated, if the speci- 
fied air supply is 350 cu. ft. per passenger. 

If perfect diffusion is established, such an 
air supply will give a higher carbon-dioxide con- 
tent than that which is allowed, and if stratifica- 
tion or systematic movement of the air is estab- 
lished, the measurement of carbon-dioxide becomes 
meaningless. The vitiated air, which invariably 
tends to rise on account of the warmth and mois- 
ture that it takes up in the passengers’ lungs, will 
inevitably show a high content of carbon-dioxide 
while the air in the lower part of the car will show 
but a small content, the amount decreasing with the 
increase in rapidity of air renewal. 


INFLUENCE OF VENTILATION ON THE 
HEATING PROBLEM 


The Chicago ordinance constitutes, also, an ex- 
cellent example of the inevitable difficulties in- 
volved in the lack of flexibility of such arbitrary 
practice. In addition to the minimum air supply 
of 350 cu. ft. of air per passenger per hour that 
is called for by the ventilation ordinance, there is 
specified a minimum temperature of 50 deg. Fahr. 
On its face, the establishment of these two min- 
imums appears to be within reason, because a 
maximum load of eighty passengers calls for 28,000 
cu. ft. of air per hour to be passed through the car, 
and the resulting rate of air renewal of, say, ten 
changes per hour, is well within the capabilities of 
existing means for ventilation. To heat this amount 
of air from zero temperature to 50 deg. Fahr. 
requires 25,000 B. t. u., while the radiation loss 
from the car body (according to the Carpenter 
formula applied to a typical fully-inclosed car) 
would be about 30,000 B. t. u. in addition. To sup- 
ply this heat are the passengers, themselves, who 
contribute 32,000 B. t. u., leaving 23,000 B. t. u., 
or 6.75 kw. to be supplied by the heaters—a per- 
fectly reasonable figure. 

Unfortunately, the above estimate applies only 
to constant conditions, and constant conditions do 
not obtain in surface car operation. In the first 
place, there is the opening of the entrance doors 
which may temporarily overwhelm the heating sys- 
tem. In the second place, if the passenger load 
happens to be reduced from eighty to, say, ten, the 
heaters will have to supply the heat that would 
otherwise have been produced by the seventy pas- 
sengers who have left the car. This makes a total 
demand of 51,000 B. t. u., or 15 kw. per hour. The 
heater load would thus become about two-thirds of 
the energy required to propel the car, and such a 
demand for heat would involve prohibitive oper- 
ating cost. The only alternative would be the em- 
ployment of an operator on each car to adjust the 
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Exhaust Ventilators on Modified Arch-Roof Car 


ventilators to the continually changing passenger 
load. 

From the foregoing it is obvious that the estab- 
lishment of combined heating and ventilation rules 
by ordinance, even when the terms are as appar- 
ently moderate as those in Chicago, is practically 
certain to be unreasonable at times. The logical 
procedure, if such legislative interference is in- 
evitable, is the selection of either heating or ven- 
tilation as the more important and the establish- 
ment of a single standard covering only that fea- 
ture. Yet in the end there is too little definite 
knowledge on the subject of ventilating railway 
cars, aS opposed to the ventilation of buildings, 
to permit the general acceptance of any arbitrary 
set of rules at the present time, and the establish- 
ment of such rules can hardly have a beneficial 
effect in accelerating a solution of a problem that 
needs so much study as that of car ventilation. 
Even the various forms of ventilation equipment 
that are available to-day display wide differences in 
principle, although it is certain that each one of 
the different types must have been successful, at 
least under some circumstances, to have permitted 
its perpetuation. 


VENTILATING EQUIPMENT 


Such ventilating equipment may be classified 
roughly into four general groups. These are (1) 
the forced-draft, hot-air system; (2) the diffusion 


system; (3) the mechanically operated vacuum sys- 
tem and (4) the automatic vacuum system. Still 
another type might be cited in the case of the 
monitor-deck-sash system, but since this requires a 
stretch of the imagination to be classed under any 
circumstances as a ventilating system, and since 
it is rapidly disappearing because of the weight, 
cost and structural weakness of the monitor roof, 
it may perhaps best be left out of consideration. 

Of the four systems, the most prominent example 
of first named has already been mentioned in con- 
nection with the subject of coal-fired heaters. In 
this case, heat for ventilating air that is discharged 
into the car is provided by passing the cold air 
from the intake around the fire-pot of an inclosed 
coal stove. The cold air is drawn in by means of a 
small motor-driven fan and is discharged into a 
duct along the floor at one side of the car. In 
general it is difficult to consider this apparatus as 
a ventilating system without reference to its action 
as a heater, because its most important point is an 
ability (in case a demand existed for such large 
units) to provide, without abnormal expense, an 
unlimited amount of air heated to any desired tem- 
perature. Yet the features that apply purely to 
ventilation are not without weight, one of them be- 
ing the definite maintenance (unless strong exhaust 
ventilation is also installed) of air pressure within 
the car so that air leakage is always outward, thus 
avoiding localized drafts of cold air around the 
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windows and reducing the effect of blasts of air 
coming through open entrance doors. As a venti- 
lating system, also, this form of equipment con- 
stitutes an excellent example of systematic venti- 
lation provided that the air supply is sufficient to 
afford definite stratification and the regular move- 
ment of air from the floor up to the outlets in the 
roof. In practice, however, it is certain that some 


diffusion takes place, air renewal being accom- 
plished ordinarily at the rate of, say, five or six 
changes per hour, and such diffusion, which is 
brought about through the relatively rapid hori- 
zontal discharge of fresh air at the floor, aids in 
preventing the short-circuiting of currents of fresh, 


warm air direct to the roof outlets use. 


Mention should be made here of a plan for ven- 


tilation that has been used to some extent with 
hot-water heaters. In this a fan capable of han- 
dling 500 cu. ft. of air per minute is installed in 
the forward compartment of an interurban car, 
drawing fresh air from the roof and discharging 
it into ducts that extend along the floor line back 
of the hot-water pipes. The discharge of this air 
across the heater pipes warms it, so that it rises, 
and after it becomes vitiated it passes out of the 
ear through exhaust ventilators in the roof. 

As opposed to these methods, the diffusion sys- 
tem of ventilation involves the use of both an ex- 
haust and a fresh-air intake in the roof. A typical 


form consists of a vertical deflector plate extending 
at right angles to the direction of motion of the 
car so that the wind piles up air pressure in front 
of the plate and produces a vacuum behind it, and 
since an opening into the car interior is provided 
on either side of the deflector, the forward opening 
acts aS an air intake and the rear opening as an 
exhaust while the car is in motion: The principle 
involved is the diffusion of vitiated air by a plenti- 
ful supply of fresh air from above the breathing 
level in the car, as well as a constant agitation which 
prevents the establishment of pockets of bad air in 
the upper part of the car. Tests have shown that 
the intake for a single ventilator may be as high 
as 100 cu. ft. of air per minute, and indicate in 
general that only 85 per cent or 90 per cent of this 
amount of air is discharged at the exhaust. Conse- 
quently, this system of ventilation also establishes 
a slight air pressure within the car, the difference 
between the amount of air taken in and the amount 
exhausted necessarily finding its way outside 
through crevices at the doors and windows. Based 
upon the flow at the intake, the number of changes 
of air in the whole car may reach thirty per hour, 
and assuming that perfect diffusion is effected (or 
that none of the fresh air at the intake is dis- 
charged immediately through the exhaust) a car- 
bon-dioxide content of ten parts should be possible 
of attainment. If only the upper half of the car (or 
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the space above breathing level) is considered as 
being affected, the carbon-dioxide should be main- 
tained at eight parts per 10,000. 

In the mechanically operated vacuum system a 
small exhaust fan with a motor of 1/3 hp. capacity is 
mounted under the roof and this is operated con- 
tinually at such capacity as to discharge from the 
car interior an amount of air equal to 350 cu. ft. 
per hour per passenger under the maximum loading 
conditions. Air intakes are provided in the side 
sheathing and air from these is led by horizontal 
ducts to intake boxes under the car seats. In each 


Combination Ventilator-Registers and Lamp Fixtures 


intake box is an electric heater, so that the fresh 
air is warmed as it enters the car. When considered 
only as a ventilating system this arrangement is, 
no doubt, highly efficient if a sufficient number of 
intake boxes are provided, because the fresh air is 
bound to rise slowly past the seated passengers, 
thus providing them with pure air without neces- 
sity for diffusion. 

The simplest of all of the existing ventilating 
systems involves the use only of exhaust venti- 
lators. This plan has the advantage of requiring 


the installation of no moving parts, and the first” 


cost is low. The ventilators depend for operation 
upon the aspirating action of wind across an orifice 
or else upon the ejector action of a blast of air in- 
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duced by the motion of the car. For their sim- . 
plicity they pay the penalty of dependence upon 
leakage of air around the doors and windows to 
provide fresh air within the car, although it is 
probable that, when the car movement is rapid, a 
double current of’air is established in. the venti- 
lator, so that there is a small diffusing action as 
well. Naturally, when the windows and doors are 
kept reasonably tight, the reduced leakage of air 
to supply the ventilators must bring about a rela- 
tively strong vacuum in the car interior, and this 
probably exceeds that of the mechanically operated 
vacuum system because of the unrestricted intake 
passages of that arrangement. 


_ LIGHTING OF CARS REVOLUTIONIZED BY 
MODERN HIGH-EFFICIENCY LAMPS 


None of the confusion of ideas and widely diver- 


gent principles of design that are apparent in con- 


nection with car ventilation apply to the subject 
of car lighting. Here the comparatively recent de- 
velopment of the metal-filament incandescent lamp 
has practically eliminated the question of current 
consumption as a vital factor, since the new lamps 
require only about 1.25 watts per candle-power as 
against 4 watts needed by the old style, carbon- 
filament units. In fact, this permits lighting at an 
expense for power of, say, 44 cent per car-hour, to- 
gether with lamp renewals, amounting to, roughly, 
50 per cent of this sum. It has been shown that, 
with an investment for an improved system of 
metal-filament lamps, with fixtures and reflectors, 
at an approximate cost of $20 per car, the interest 
earned on the investment, based on saving in cost 
of operation per car per year, amounts to more 
than 50 per cent. : 

The major feature of such modern car lighting 
systems is the use of large lamps, this condition 
resulting logically from the relative length and 


» slenderness of the commonly used tungsten fila- 


ments, as compared with those made of carbon. The 
physical weakness of the tungsten lamp that is thus 
introduced shortens the average life, especially 
where vibration exists, as it does in railway service, 
and the obvious alternative is to increase the thick- 
ness of the filament and reduce its length either by 
increasing the lamp capacity, or else by reducing 
the rated voltage. 

This practice of using large lamps has become so 
generally recognized as an essential in car lighting 
practice that some electric railways have taken up 
the rewiring of old cars to obtain the economy in 
maintenance accompanying the use of large capacity 
units, and to-day the popular sizes appear to be 
56 watts and 94 watts, corresponding to ratings of 
from 45 c.p. to 80 ¢.p. per lamp, although 23-watt 
and 36-watt lamps are occasionally used. A life 
of 1400 hours with 56-watt lamps has been re- 
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ported in service tests as against only 400 hours 
for the 23-watt size, although the manufacturers 
claim for both types a life of 1200 to 1500 hours. 
It should be noted that the energy consumption of 
these two sizes are respectively 1.16 watts and 1.34 
watts per candle-power. 

In consequence of the reduced number of units, 
lamp arrangement has come to be practically stand- 
ardized upon a single row of five or, if necessary, 
ten lamps along the ceiling. Lamp spacing with 
the large units appears to make comparatively little 
difference, intervals of 5 ft. and 6 ft. between lamps 
being common. However, a remarkably elaborate 
series of tests carried out on the New York Munic- 
ipal Railway cars indicates the existence of a limit 
to lamp spacing, because with two experimental 
lamp arrangements having the lamps more than 11 
feet apart, the lighting was extremely uneven, al- 
though another arrangement with a spacing of 
slightly more than 7 feet gave very uniform results. 

The preferred size and number of lamps for the 
main lighting of cars of various dimensions appear 
to be about as follows: For car bodies having 
lengths up to 25 feet, five 56-watt lamps; for bodies 
up to 35 feet in length, five 94-watt lamps; for 
bodies between 36 feet and 45 feet in length, ten 
56-watt lamps, and for bodies longer than 46 feet, 
ten 94-watt lamps. 

The second essential feature of modern car light- 
ing is the use of diffusing devices to prevent the 
glare from the direct rays of an unprotected fila- 
ment emitting light of high intensity. Without 
such diffusion, which in extreme cases has even 
taken the form of frosted lamp bulbs, the use. of 
large lamps would be anything but desirable. be- 
cause of the resulting unevenness of light distribu- 
tion, as well as the direct eyestrain imposed on 
passengers through the brilliancy of the localized 
sources of light. Of course, these diffusion devices 
diminish the amount of illumination provided by 
the lamp to an extent depending upon the absorp- 
tion of light during its reflection or transmission. 
The loss may be as high as 50 per cent, but on the 
other hand, the true effectiveness of the illumina- 
tion is increased enough to offset it, in large part, 
through the elimination of shadows and under- 
illuminated portions of the car body. 

The expense involved by such net loss as may 
exist is rendered insignificant by the high efficiency 
of the modern lamps and reflectors, together with 
the general use of white enamel paint for car-body 
interiors. This latter, in several cases has been 
found to increase the utility of illumination by more 
than 50 per cent over that obtained with an interior 
finished in yellow or green and, as a consequence, 
the interior painting of electric cars shows a de- 
cided tendency toward the use of white. 

In general, for such modern lighting systems, 
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energy consumptions appear to range as low as 
from 1 watt to 1.5 watts per square foot of floor, 
leaving an average effective illumination at the 
reading plane, 42 in. above the floor, of from 
4 foot-candles to 7 foot-candles at normal voltage. 
The minimum permissible average illumination in 
this plane appears to range from 2 foot-candles to 
3 foot-candles, these figures providing for a voltage 
variation of 15 per cent or 20 per cent from normal. 

Diffusing devices which are provided for the 
lamp and which in general are reflectors as well 
as diffusers, are available in many types and styles 


Modern Lighting System Installed in Old Car 


and they provide for all classes of illumination 
from direct to indirect. Popular approval, how- 


ever, seems definitely to have settled upon the 


semi-direct system with the use of translucent or 
clear-prismatic reflectors that are sufficiently deep 
to prevent the lamp filament from being seen except 
from directly below. 

The principle of this arrangement is, obviously, 
to direct the greater part of the light downward 
onto the reading plane, since the eyes of passen- 
gers are protected from vertical rays by their hats 
and eyebrows. At the same time a material amount 
of soft, diffused light is transmitted through the 
so-called reflectors, and this prevents glare and 
violent contrasts. Some opposition to the use of 
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such reflectors has arisen from a belief that the 
advertising signs above the car windows would not 
be brilliantly lighted. As a matter of fact it has 
been found that a sign that is evenly illuminated, 
with no obstruction in the way of glare from a 
bare lamp, is more easily read and has more adver- 
tising value than a sign that is brilliantly illumi- 
nated but is placed before a bare lamp so that the 
passenger is compelled to read through an intense 
glare. 


RECENT PRACTICE IN LIGHTING EQUIPMENT 

Recent practice indicates, therefore, that reflec- 
tors should be at least translucent and deep 
enough to prevent direct sight by passengers of 
any lamp filament except the one immediately over- 
head. In addition, it is obvious that the reflec- 
tor must be susceptible of easy cleaning, since 
it may, if covered with dust, absorb some 50 per 
cent of the light directed upon it from the lamp. 
Therefore the comparatively smooth, plain, heavy- 
density opal reflectors have acquired a consider- 
able popularity, although they are obviously less 
efficient in transmitting light than the reflectors 
made of clear glass with prismatic corrugations. 
The difference between the two, however, is not 
a material item and decision as to the choice of 
translucent or clear glass reflectors seems largely 
to be made on the basis of lamp arrangement. 


Typical Prismatic Reflector 
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Thus, with a given number of lamps of a certain 
size, a shorter car body may make use of opal- 
escent reflectors, while a somewhat longer body 
might better be equipped with prismatic reflectors 
than with lamps of a larger size. 

Obviously the use of a reflector entails also the 
use of a fixture to support it, the cost of reflector 
maintenance being divided between renewals on 
account of cleaning and breakage, and adjustment 
of damages due to reflectors falling. A satisfactory 
fixture must therefore provide for quick and easy 
application and removal of the reflector and also 
for a sure grip on the reflector to prevent its fall- 
ing when the car is in service. One such typical 
device consists of a number of metal fingers which 
engage the neck of the reflector and which are 
sufficiently rigid to hold it temporarily when it is 
being inserted in the fixture. As an additional 
safeguard, a lock in the form of a cap-nut can be 
adjusted on the threaded portion of the fixture 
until its conical inner surface bears against the 
metal fingers and absolutely prevents the release 
of the shade. 

It might be noted here that the working 
of tungsten lamps at less than rated voltage ma- 
terially increases the life. The increased life 
is said to vary as the fourteenth power of the re- 
duction in voltage, on which basis a 114-volt tung- 
sten lamp in a 110-volt circuit will have its life 
increased by 60 per cent. For interurban cars, 
of course, the voltage variations are very much 
greater than this, and the lamps are alternately 
operated at an excessive temperature and then are 
practically extinguished. To avoid this difficulty 
several devices have been tried out, the simplest 
one among them being a regulator which has been 
used for some two years on the Milwaukee North- 
ern Railway and which consists of a series of re- 
lays that cut varying resistances into the lighting 
circuit as the voltage rises above an arbitrarily 
established minimum. 

Other recently developed features in connection 
with car lighting that might be mentioned include 
a selector switch for short-circuiting any lamp in 
the lighting circuit that is burned out, an extra 
lamp being placed in the circuit in its place. This 
is considered especially advisable on cars lighted 
from a single circuit because the loss of one lamp 
would put the whole car in darkness and make the 
replacement of the damaged lamp a difficult matter. 
Vestibule step lighting has very naturally become 
popular with the introduction of fully-inclosed 
platforms, and a large number of cars are so 
equipped, the lamps being placed sometimes over 
the door and sometimes under the threshold for 
the vestibule entrance, the light in some cases being 
put in circuit only when the doors are open. 


Doors, Seats and 
Miscellaneous Interior Equipment 


Inclosure of vestibules, which has come to be a feature of practically all modern electric railway cars, 
has brought about the development of many different styles and combinations of doors and steps, gen- 


erally hand-operated in city service but air-controlled on heavy cars. 


Modern seats are frequently 


characterized by improved forms of cushion, permitting closer spacing with greater knee-room, and sim- 
ilar provisions for the convenience of the public appear in the extended use of sanitary interior fittings. 


QUIPMENT for the car body, in addition 

to that provided for heating, ventilation and 

lighting, has been very generally subject to 
the same rapidity of development during the last 
half-decade that has characterized the car body as 
a whole. The entire matter of vestibule doors, for 
example, has arisen practically since 1912, before 
which time the fully-inclosed car in city service 
was a rare exception, whereas at present an almost 
infinite variety of vestibule door and step arrange- 
ments are available for use. Vestibule equipment 
has also been affected by the elimination of bulk- 
heads, and head lights of the incandescent type have 
acquired a greatly extended field. In regard to win- 
dows the methods of housing have undergone, in 
general, a complete change since the introduction of 
the simplified type of side frame construction that 
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are common to modern city cars. Seats have been 
characterized recently by decreased weight to meet 
the ever-growing demand for light equipment, and 
the development of light-weight, non-corrodible or 
sanitary fittings has helped to bring about almost a 
revolution in the interior appearance of car bodies 
that have been built within the past few years. 


FoLDING DooR AND STEP MECHANISMS 


As outlined in the chapter dealing with the car 


_ body from an operating standpoint, the type of 


door that most frequently appears on modern city 
cars is of the folding design, and with it there is 
frequently installed a folding step. In brief, the 
popularity of this arrangement has been due to its 
light weight and simplicity of installation, and these 
features, together with the limited travel of the 
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folding door when opened, have offered a desirable 
contrast to the sliding door which, of course, had 
been brought to a high state of perfection in rapid 
transit service long before the folding door came 
into general use. 

In its construction the folding door is exceedingly 
simple, the door itself being hinged vertically in 
halves and attached to a vertical shaft which sup- 
ports the whole arrangement. The shaft is sup- 
ported in ball bearings that are attached to the side 
of the doorway and these bearings constitute the 
only ones that are required for the door alone, the 
runners, top and bottom, being required merely to 
guide the door so that it will take a position along 
the line of the threshold when it is extended. 

For the folding step which is frequently used in 
connection with the vestibule doors for city cars 
the operating shaft is horizontal and a coil spring 
is wound on it and attached to the step and to the 
step brackets to counterbalance the weight. Oper- 
ation of the step is effected by attaching to the 
step shaft a bell crank of the same length as that 
which operates the vertical shaft for the door. The 
two bell cranks are connected by rods to the same 
operating handle and hence the door and step oper- 
ate together. 

Single folding doors as above described may be 
used for openings up tv about 28 inches in width, 
but for door openings that are wider than this 
double doors are generally used, either mutually or 
independently operated by handles at a control stand 
on the platform. 

Movement of the door requires but little force, and 
hence manual operation is very generally adopted. 
Naturaliy this makes for a moderate first cost for 
such installations, and as a result there appears 
to be a recent tendency to equip city cars with 
front exit doors that are as wide as the entrance 
doors at the rear, the object being to permit two 
streams of passengers to alight at the same time 
through the forward exits at terminals or at inter- 
mediate points where a large number leave the car. 


Previous mention has been made of the fact that” 


the majority of doors are made to fold outwardly 
because an inward movement may be interfered 
with by passengers who are waiting to alight. 
From a structural standpoint, also, inwardly- 
folding doors are not favored, because a weather 
joint cannot be made at the top and bottom, while 
outwardly-folding doors generally extend about 1 in. 
above the door lintel and the same distance below 
the edge of the platform floor and thus keep wind 
and rain from blowing into the vestibule. 

For vestibule doors generally the evident tend- 
ency is to use glass panels for practically the whole 
height of the door, the aim being to give a clear 
view of the street close to the step from any point 
on the platform. There is, however, an apparent 
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division of opinion as to the use of wire-glass for 
these panels, since some recent cars have been pro- 
vided with clear glass and others with the less fra- 
gile but more expensive material. For the exit 
doors in a number of recent designs the bottom 
door panels have been made of wood, with the evi- 
dent object of reducing the amount of glass on the 
car and thus diminishing the expense for glass re- 
placement; but this arrangement does not appear 
to be universal by any means, the belief being evi- 
dent that there is need for a view of the pavement 
opposite the exit just as there is at the entrance. 


SLIDING DooRS AND Door ENGINES 


The sliding door, of course, is universally used 
in rapid transit service because it has the very 
definite advantage of a minimum transverse clear- 


Arrangement of Apparatus for Folding Door 


ance. Its weight and amplitude of movement, how- 
ever, seem to call for a door engine rather than 
manual operation. Pneumatic door engines for this 
purpose have been brought to a high state of per- 
fection, so that the possibility of catching the 
clothing or body of a passenger between the door 
and the door post has been absolutely eliminated, 
and if desired a door may be made actually to re- 
tract after hitting such objects. Control is effected 
either manually, by mechanical connection to the 
valve on the pneumatic engine; electrically, by push- 
buttons or special switches connected to the magnet 
valves on the engine; or pneumatically, by means 
of a small air valve located adjacent to the con- 
ductor. Any one of these types of control permit a 
door to be reversed at any point in its travel with- 
out slamming, but, in addition, air cushions are in- 
variably provided so that the movement of the door 
is retarded during the last few inches of its travel. 
For city service the door engine is of importance 
when remote control is desired, and in several such 
instances engines have been installed, one case be- 
ing where suburban runs required the conductor to 
go inside the car to collect second fares. Here elec- 
tro-pneumatic operation from remote points within 
the car was essential to rapid operation. 
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With power operation for sliding doors, the fac- 
tors of weight and amplitude of movement are nulli- 
fied; but for city cars the necessity for a longitudi- 
nal recess into which the door can slide is an ob- 
jectionable feature of material importance for struc- 
tural reasons. However, sliding doors have been 
used to some extent for exits, having been adopted 
for the Cleveland front-entrance, center-exit car’s 
center doors, although the front-entrance door of 
this car is of the customary four-panel folding type. 

The non-sweep or ‘folding-and-sliding type of 
door, which is a modification of the sliding door that 
obviates the need for a door pocket, has a peculiar 
movement, in that the door slides around the inside 
of the corner existing between the plane of the door- 
way and the side of the passageway leading to it. 
In one such arrangement the motion is defined by 
guides and runners which compel one edge of the 
door to travel straight in and out transversely with 
the center line of the car and the other edge to 
travel straight across the threshold. The result 
ot the combined movement of both edges is to 
make the door as a whole slide into open position 
around a sharp curve, taking its open position. at 
right angles to the doorway and in line with the 
door post. The operation is effected by a pair of 


ll . bell-cranks housed. within a space above the door 


and only a few inches in height. 
NON-SWEEP DOOR OPERATION 


This type of door has been used for several years 
in Pittsburgh and some other cities. Its advantage 
over the sliding type lies in the easier action due to 
the character of the movement. Also, it may be 
used for independently-operated double center doors, 
because in this case the two half-doors that are in 
the middle fold practically out of the way in line 
with the center post of the doorway, while with the 
sliding type of door a space must be left between 
the double doorways into which the middle half- 
doors may slide, unless the advantage of having 
small half-doors is given up and full-width sliding 
doors are installed across the whole doorway on 
either side of the center post. Obviously, the non- 
sweep door does not extend beyond the edge of the 
car when it is open; and yet the operation of open- 
ing cannot be interfered with by passengers ready 
to alight, as in the case of a folding door that folds 
inward. This feature, it may be said, is the reason 
for the non-sweep door’s development in Pittsburgh 
because clearances are reduced to an absolute mini- 
mum, and the extension of even an open door be- 
yond the side of the car is likely to result in trouble. 
The influence of this condition appears also in the 
location of the grab handles at the doorway, these 
being mounted upon the door so that when the door 
is closed the grab handle is inside of the car. 

The weight and first cost of the non-sweep type 
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of door appear to be about the same as that of the 
folding door. Its ease of operation is about simi- 
lar to that of doors of the folding type, and it is 
generally operated by hand. With pneumatic con- 
trol the operation is not as satisfactory as in the 
case of folding or sliding doors, owing to the fact 
that the non-sweep design appears to slam more 
than the other two types. There is, of course, in 
common with the inwardly-folding door, a small 
clearance space under the non-sweep door which 
does not exist with the outwardly folding type. 


MISCELLANEOUS VESTIBULE EQUIPMENT 


Trapdoors for vestibules, which are used to cover 
interior steps, especially in the case of cars for 
heavy electric traction, have been made mutually 
operative with the entrance doors in some instances, 
the trapdoor movement being effected in the same 
manner as that of a folding step. An innovation 
that has been brought out within the past two years 
provides for a horizontal movement or extension of 
several inches for the trapdoor when it is in low- 
ered position. .Thus the car may be operated on a 
foreign road that has raised platforms with clear- 
ances appreciably greater than the width of the 
car, the extensible trapdoor filling the gap between 
the edge of the platform and the car side. The ex- 
tension is effected by a simple mechanism which is 
operated mechanically by pulling on a folding mast- 
arm located within the vestibule, and provision is 
made so that the trapdoor cannot be extended while 
the vestibule door is closed, thus eliminating danger 
of having the projecting edge of the trapdoor cause 
damage by being inadvertently left extended while 
the car is in motion. 

For end-entrance, double-end, high-speed cars the 
vestibule, of course, serves as a motorman’s com- 
partment, but for single-end and center-entrance 
cars special partitions have to be installed in case 
the motorman is to be separated from the rest of 
the car. In city service the importance of seating 
space makes the use of collapsible compartments de- 
sirable, and these appeared in different forms in 
several of the early center-entrance cars. At pres- 
ent there is in evidence a tendency to omit such 
permanent compartments, especially since end doors 
under the control of the motormen have appeared 
as a feature of recent modified center-door arrange- 
ments. Therefore, the most popular plan is to have 
the motorman separated from the body of the car 
only by a curtain drawn down behind him. The use 
of railings as an additional means of separation for 
the motorman appears also in a number of recent 
city cars, and in one case he is virtually placed in a 
separate compartment by the use of three curtains, 
one at his back and one at each side, these being 
carried normally on rollers hung from the vestibule 
ceiling. The reasons for this tendency to omit par- 
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titions are, obviously, the desire for retaining full 
seating space within the car, to give the motorman 
better control of the customarily-installed front 
door and, at the same time, to maintain simplicity 
in the interior construction. On this basis the con- 
troller and brake valve have even been located under 
permanent end seats extending around both ends of 
center-door cars, and the connections for the con- 
troller and air-brake handles have been carried up 
through pipe railings that act as seat spacers when 
at the rear of the car. 

With the practically universal use of air brakes 
for city cars, seats for motormen are becoming a 
customary part of the vestibule equipment. From 
the plain round stool on a pipe standard these seats 
have been developed to provide adjustable height 
by a cam or ratchet in some cases, and in others to 
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provide either for collapsing the seat against the 
vestibule sheathing or for its removal to the op- 
posite end of the car in case that proceeding is pre- 
ferred when the car is turned. Seats for the con- 
ductor have been installed occasionally so that he 
is in position behind the fare box but still can ob- 
serve the entrance doors, and on the early center- 
entrance cars in New York City the conductor was 
seated behind a small change desk opposite the en- 
trance. Nevertheless, the provision of special seats 
for this purpose has not acquired general popular- 
ity, because fare collection and door control seem to 
be performed much more efficiently when the con- 
ductor is standing and he has a chance to sit within 
the car on long runs. 

Other items of vestibule equipment on recent 
cars include provisions for electric marker lamps 
instead of oil lamps, which have been generally used 
because of their reliability. Electric markers, of 
course, require provision against interruption of 
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the main power supply, and in one such scheme 
there is used a back contact relay that closes a 
shunt circuit through a storage battery and low- 
voltage circuit if the power supply should fail, the 
circuit serving small lamps located in the markers 
alongside of the large lamps that are normally 
lighted. The storage battery is kept charged by a 
shunt connection from the main circuit, and thus 
the car is provided with marker lights even when 
the power supply is interrupted. Frequently emer- 
gency interior lamps and emergency illumination 
for the headlight are also provided by shunt cir- 
cuits with storage batteries. Still another item 
worthy of note in connection with frequent develop- 
ment in vestibule equipment is the cab telephone, 
which may be connected with the company tele- 
phone wire by plugging into a jack box on a pole 
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near the track or by geiting connection by means 
of a pole having on the end a metal hook that may 
be caught on the bare telephone wire overhead. 


HEADLIGHTS 


Headlights, at least in the case of interurban 
cars, constitute an important item of vestibule 
equipment. For city cars an incandescent headlight 
recessed in the dash of the car and operated in se- 
ries with the car lighting is most generally used. 
In general, the equipment consists of a metal re- 
flector within a cast-iron casing equipped with a 
plain glass door, although several companies make 
use of a semaphore lens, which produces a longer 
and more concentrated beam. For suburban service 
the headlight is generally powerful enough to throw 
a beam from 400 ft. to 500 ft. ahead of the car; but 
this, of course, is not so brilliant as to blind 
pedestrians when the car is operating through city 
streets. These headlights are frequently mounted 
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permanently on the car dash, although in some cases 
portable headlights are used so that they may be 
shifted from one end of the car to the other. In 
suburban equipment the modern tendency is to make 
use of a concentrated-fillament Mazda lamp that is 
mounted in a headlight with a silver-plated glass 
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Non-Reversible Folding Seat for Ultra-Light Cars 


reflector parabolic in shape. A focusing device is 
usually considered essential in order to obtain the 
best results. In some cases headlights are operated 
in series with the car lighting, but usually they are 
supplied from an independent circuit containing re- 
sistance. In addition, dimming resistances are 
sometimes provided so that high-powered head- 
lights may be controlled but not extinguished when 
circumstances make a strong beam undesirable. 

For high-speed service modern practice appears 
to require headlights that will produce a beam of 
sufficient intensity to enable the motorman to pick 
up objects on the track from 1200 ft. to 1500 ft. 
ahead of the car, and there is some difference of 
opinion as to whether the high-powered luminous- 
arc headlight or the incandescent headlight is better 
adapted for these conditions. 
tained a great deal of popularity because of its abil- 
ity to give a constant illumination when operating 
on fluctuating voltage; but opposed to this there is 
the objection of the wandering of the beam, al- 
though the latter difficulty has been largely over- 
come of late by the use of flattened electrodes. Arc 
headlights are equipped with parabolic reflectors 
where a widespread beam is desired for use on 
single-track lines. For double-track service a sema- 
phore lens equipment gives a more concentrated 
beam and does not interfere with cars approaching 
from the opposite direction. 

Within recent years a number of high-speed elec- 
tric railways have adopted incandescent headlights 
that are essentially similar to those designed for 
suburban service, except that the reflectors are 
made larger in order to produce a longer beam. 
These headlights are nearly always portable and 
are mounted on the car dash, although some few 
roads giving a fast, heavy service use incandescent 
headlights mounted permanently above the vesti- 
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bule. The obvious advantages of the incandescent 
headlight are its simplicity and absence of moving 
parts. In addition, a very important recent im- 
provement has been effected through the develop- 
ment of a reflector that absorbs the high-frequency 
rays from the lamp and thus makes the headlight 
emit a greenish-yellow beam of light without violet 
or ultra-violet components. The principle upon 
which this is based is that the glare from high- 
powered headlights, which has been shown to be 
actually dangerous in extreme cases because of its 
blinding effect on motormen of opposing trains and 
its tendency to make light signals fade out and lose 
arrestiveness of aspect, comes largely from the 
ultra-violet rays. The practical elimination of 
these rays, therefore, permits the use of a high 
candle-power lamp that can give an intense beam 
of light without the usual objectionable features. 

In general, the problem of the relative advan- 
tages of incandescent and arc headlights resolves 
itself into the question of voltage. If -there is a 
steady supply of constant-voltage current the high- 
capacity incandescent lamp may be employed to best 
advantage. If, however, the headlights are to be 
operated direct from the main power circuits 
the luminous are headlight is generally considered 
to meet the requirements in a very satisfactory 
manner because of the variations in voltage that 
will inevitably occur. — 


SEATS AND SEAT CUSHIONS 
With regard to seats for electric railway cars, it 
has already been remarked that a transverse ar- 
rangement has become practically standardized in 
Se 


Typical Reversible Seat 


all classes of service and, since the large majority 
of newly-built cars are designed for double-end op- 
eration, reversible seats are now almost invariably 
installed. Ruggedness and light weight are the 
major considerations in the mechanism by which 
reversibility is provided, and recent improvements 
along these lines have been more in the nature of 
evolution of existing constructions than novelties in 
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design, although perhaps the substitution of pressed 
steel for the originally-used malleable-iron pedestals 
might be classed as a radical change of past years. 
As a material for seat cushions rattan is over- 
whelmingly in the majority for city cars, although 
the wooden-slat seat has been gaining in favor, es- 
pecially for ultra-light designs where thinness of 
the seat back and lightness for the seat as a whole 
are of special importance. In interurban service 
plush is still the most popular seat covering, al- 
though rattan cushions are being used to an in- 
creasing extent in both smoking and passenger com- 
partments. At present, imitation leather is probably 
most popular for smoking compartment seats, and 
it is occasionally used in main compartments as 
well. 

Within the past two years no small amount of at- 
tention has been devoted to the design of a proper 
form for seat cushions. The major point raised is 
that, since the seat back is a support for the shoul- 
ders only, any extension of the seat back below the 
shoulders of a seated passenger is not only unneces- 
sary but becomes actually harmful by pushing the 
body forward at the plane of the seat. The principle 
is indicated in the accompanying illustrations, of 
which one shows the theory and the other one of its 
recent applications in practice with the preferred di- 
mensions. From the latter it may be seen that a 
depth of 1514 in. in the clear is called for, this being 
somewhat less than the dimensions that have com- 
monly prevailed for some years. However, this 
provides considerably more space than would be 


Floor Line 


Preferred Dimensions for Correct-Posture Seats 


otherwise installed because of the overhang of the 
seat-back cushion. 

The influence of this theory in seat design ap- 
pears in a number of the most recent cars for city 
service, one such design being shown in the accom- 
panying line cut. This is a light-weight reversible 
seat with a width of 34 in. and a weight of about 
60 lb. The back is shaped thin at the bottom, and 
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the cushion is 161% in. wide. Practically the full 
width is effective seating space, owing to the extra 
throw of the cushion and the formation of the back, 
which, it should be noted, furnishes increased knee 
room for the passengers in the seat to the rear. 

In connection with this particular seat it might 
be remarked that although a foot rest is employed, 
there appears to be a considerable difference of 


Effect of Seat Design on the Human Spine 


opinion on the advisability of such devices, at least 
for city service. Seats for a number of recent cars 
have been furnished without any foot rest whatso- 
ever, while in other cases double rests have been 
employed. Logically, however, it would seem that 
for city service, where a large majority of the pas- 
sengers are short riders, the foot rest is a compli- 
cation that is hardly necessary. 

In connection with the recent development of 
ultra-light cars, a new type of seat is worthy of 
passing mention owing to its novel features, al- 
though it is designed only for single-end cars of 
especially light construction. This seat is non-re- 
versible, and it is made with pressed-steel end and 
back standards combined with a pressed-steel ped- 
estal designed so that it centers well back of the 
center line of the seat cushion, The seat cushion is 
hinged and can be lifted like a theater seat so as to 
permit the passenger occupying the position next to 
the aisle to step back without moving into the aisle 
in order to allow the passenger occupying the inside 
seat to move out. This-is considered to be of con- 
siderable value in small single-end cars where the 
aisles are none too wide and space is at a premium. 
The seat weighs but 25 lb., and it is made with a 
hardwood frame and rattan webbing panels with 
the idea that these are more comfortable than 
wooden slats and make a better appearance. It is 
reported that this construction is as durable and is 
more easily repaired than the plain slat seat. 

So far as the widths for seats may be consid- 
ered, there is, as mentioned in a previous chapter, 
no evident tendency toward any standard dimen- 
sion, 35 in. and 36 in. being frequently but not 


invariably used for city service. 


cars the seat widths are, of course, 


For interurban 
increased, 


ranging up to about 41 in., including seat arms, 
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when that width can be provided without cutting 
down the clear aisle-width below about 22 in., al- 
though a 25-in. aisle seems to be more popular when 
this clearance can be obtained. Forty-three-inch 


seats, it may be said, appear on one of the latest 


interurban cars. 
WINDOWS AND CURTAINS 


Not a great deal of change has been apparent in 
connection with the construction and operation of 
car windows within the period under discussion ex- 
cept for the practical elimination of the space- 
wasting drop sash and the development of metal 
sash frames. The latter, however, seem recently to 
have lost somewhat in popularity, and one reason 
that has been put forward for this lack of general 
acceptance of a feature of such obvious advantage 
is that the expansion and contraction of metal is so 
much greater than that of wood under extremes of 
temperature that it becomes a difficult matter to 
keep the sash tight, although means designed to 
overcome this have been provided in one design by 
the use of a filling of compressible composition in the 
groove that holds the edges of the glass. Such sash 
is formed into the necessary shapes from seamless 
brass tubing, and the bottom sash rail is furnished 
with a rubber strip which prevents shock in case 
the sash is lowered violently and protects pas- 
sengers’ hands in case they should be caught under 
the window, acting at the same time as a bottom 
weather strip. 

For city service the two-section window with a 
high bottom section is still the rule, although the 
very recent Bay State car has three-section sash. 


Interurban Seat with Cushion Removed to Show 
Reversing Mechanism 


For semi-convertible cars popularity appears to 
have been accorded equally to the two arrangements 
which permit the sash either to be removed com- 
pletely from the car or else to be raised on curved 
guides into a space between the roof and the head- 
lining. The former arrangement, of course, re- 
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quires only that the sash guides on posts shall be 
readily removable, so that the appellation of “‘semi- 
convertible” to cars so equipped is rather finely 
drawn; but the fact that only a small percentage of 
recent cars have provision for removing the sash 
perhaps permits this classification. 

Sash locks for holding windows in open position 


Modern Slat Seat with Bench Removed to Show Reversing 
Mechanism for Sliding and Tilting Movement of Bench 


are available in a very great variety of forms. The 
simplest types make use of such arrangements as 
a bolt engaging with holes drilled in the side posts 
at various heights, or a cam pivoting on a pin in 
the side post and swinging against the sash frame 
so that the weight is held up by friction. Among 
the more elaborate forms might be cited a safety 
lock with a corrugated guide that cannot be im- 
properly latched and fall through carelessness on 
the part of the passenger. Window guards in 
many recent cases have been made of wire screens 


instead of the horizontal rods that are usually of - 


%-in. steel tubing or lightweight metal spaced on, 
say, 2%-in. centers. Generally, such wire mesh 
screens are stationary, being needed as a guard 
only when the sash is removed, but in one case the 
guard is attached to-the bottom of the lower sash 
of each window, and it slides into a pocket in the 
side wall of the car below the window sill when 
the sash is lowered. This arrangement, of course, 
eliminates any difficulty introduced by the presence 
of the window guard in connection with washing 
of the windows. Other schemes for simplifying the 
window washing process may be cited in the case 
of arrangements where guards of the horizontal- 
rod type are supported in multiple castings that 
are hinged on the center rod so that each half of 
the guard may be swung outward by loosening the 
clips that hold the castings to the posts under nor- 
mal conditions. Another similar plan is the sup- 
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port of the guard on vertical rods rather than 
direct attachment to the posts, so that the whole 
guard can be raised or lowered. 

Window curtains for recent cars have displayed 
a surprising unanimity in connection with the ma- 
terial that is used for the curtain itself, imitation 
leather on a cloth base having been used in practi- 
cally all of the most recent equipment orders. 
Novelties in the construction of the curtain fix- 
tures have not been prominent since the introduc- 
tion of combined pinch handle and friction devices 
which prevent the curtain from creeping upward, 
but recently there has been brought out a fixture 
that makes use of a double-acting, automatic fric- 
tion device on the roller tips, permitting the cur- 
tain to be pushed up or pulled down without fric- 
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back of seats have been made also with enamel 
covering as well as of lightweight, non-corrodible, 
tluminum-base metal. This latter material has a 
silver finish that does not tarnish, and therefore 
adds greatly to the eappearance of the car interior, 
although perhaps not as much as is the case with 
the white enamel porcelain. 

Buzzer systems fed with 600-volt current from 
the trolley circuit are still a part of the interior 
equipment of every modern car, but there is, ap- 
parently, a tendency to discontinue the liberal in- 
stallation of push buttons that was the original 
practice. Frequently buttons have been installed, 
only at or near the exit so that there will be less ten- 
dency to delay the movement of the car because 
of the leisurely movement of passengers who signal 


Correct Posture Seats for Rapid Transit Car 


tional resistance and without need for pinch 
handles, although the curtain normally is held in 
place by friction. 


MISCELLANEOUS CAR-BoDY EQUIPMENT 


Probably the most spectacular of the develop- 
ments in miscellaneous car-body equipment that 
have recently taken place is the introduction of a 
sanitary covering in the form of white porcelain 
enamel for interior hand holds of various types, 
including stanchions and hand straps and the grab 
handles attached to the back of seats. Since the 
enamel is not affected by acid, it becomes possible 
to wipe such hand holds with dilute carbolic acid 
when the cars are cleaned, and thus render the 
equipment truly sanitary and free from possibility 
of transmitting contagion. Grab handles on the 


to the motorman and then take their time about 
leaving their seats, but this arrangement has not 
proved to be invariably satisfactory. In some cases 
the buzzer has been used as a signal between the 
conductor and the motorman, and the cord-operated 
bell has been omitted. 

Destination signs for practically all recent city 
cars have been of the type where a long reel of 
cloth is wound between a pair of drums, the various 
destination names being painted upon the cloth 
and illuminated by lights from the rear. How- 
ever, the use of numbers for designation of routes 
has come into use of late, and these are displayed 
on the car in a number of different forms rang- 
ing from perforations in a metal plate to large 
numbers that are painted upon steel or cardboard 
and illuminated from the front side. 


Equipment for Fare Registration 
and Collection 


At the present time equipment for fare collection displays diverging tendencies, one general class, which 
includes the locked fare-box and the register, aiming toward the utmost development of the human element 
and the other toward the sole use of mechanical devices. Elaboration of the various types of apparatus 
has brought about within the past few years not only the money-counting fare-box but also motor-driven 
registering fare-boxes, totalizing registers, traffic-mileage recorders, and even transfer-issuing machines. 


LTHOUGH equipment for the collection and 
registration of fares is really subject to 
classification as part of the interior fittings 

of a car-body, it has been omitted from the dis- 
cussion in the foregoing chapter and treated as a 
separate division of equipment because of the ex- 
traordinary number of improvements made within 
the past few years, as well as the great importance 
of the equipment in the operation of the car. 
Broadly speaking, the recent developments in this 
field have resulted in the rather surprising situa- 
tion wherein there is a direct division of opinion 
over the basic question of manual versus mechan- 
ical collection of fares. Thus there are, so to speak, 
two: widely-separated schools of thought in connec- 
tion with fare collection. One of them involves the 
use of mechanical means in collecting fares, reach- 


ing an ultimate development in the registering fare 
box, while the other aims solely toward the devel- 
opment and utilization of the human element. 
Aside from the equipment that is involved in this 
general division of opinion, it may be said that the 
latest devices to be introduced have all been char- 
acterized by a tendency toward elaboration of me- 
chanical operation. Among the fare-registration 
devices, which, of course, antedate the fare box, 
this tendency appears in the development of total- 
izing registers which add up the results of the 
day’s operation by mechanical means. For inter- 
urban service, where the greatest variety of data 
are involved, opportunity for elaboration in operat- 
ing records has even been provided by a machine 
that produces printed data for traffic statistics of a 
most complete character. Printed register records 
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with some types of registers are made to include 
figures for transfers, tickets, passes, cash fares and 
total passengers. In addition, light portable regis- 
ters have been gaining materially in importance 
because of the successful establishment in several 
cities of front-end collection for congested loading 
points. One type of portable machine even ap- 
proximates the action of a coin-counting fare box, 
and it is used widely in towns of moderate size. 

With the coin-counting fare box in general, de- 
velopment has naturally been very rapid because 
of the relatively recent introduction of the device. 
In its latest form, wherein the machine is motor- 
driven, it has unquestionably aided in the elimina- 


original mechanical fare-collecting machines had to 
contend, and the same idea of elaborating mechan- 
ical operation also has appeared in the production 
of registering fare boxes for both cash and metal 
tokens used for reduced fares. A recently designed 
fare box includes provision for counting and can- 
celling paper tickets by mechanical means, although 
this has hardly reached a commercial stage as yet. 
Also, there are combined registers and fare boxes 
which enable a single machine to collect and regis- 
ter automatically the cash fares that are dropped 
into it, while provision is made on the same ma- 
chine for manual registration of tickets and trans- 
fers; and there has even appeared an automatic 
change-making machine for installation on the car 
platform: to relieve the conductor of this duty. A 
similar tendency toward mechanical operation is in 
evidence, although in a somewhat different appli- 
cation, through the placing on the market of trans- 
fer printing and issuing machines. 


DEVELOPMENT OF HUMAN ELEMENT IN 
FARE COLLECTION 


That phase of the previously-mentioned division 
of opinion regarding the means for fare collection 
which depends upon the development of the human 
element rather than mechanical apparatus for se- 
curing to the company the fares that are collected 
involves primarily the use of a register alone. Car- 
ried to a logical conclusion the fare box is omitted, 
at least in the registering form, although in numer- 
ous instances a non-registering fare box is used 
as a safe-deposit or receptacle for fares. The basic 
idea underlying this plan is that real protection in 
fare collection should depend more than anything 
else upon the public indication and registration of 
the fare and the printed record of it. Thus, it is 
held that the placing of a fare box on the car is an 
intimation to the conductor that he is no longer to 
be trusted to handle the receipts. This results in 
the conductor becoming less interested in getting 
the proper receipts into the fare box, since he can- 
not logically be held responsible for something that 
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he is told to let alone. On the other hand, if fares 
are registered upon dials or indicators placed at 
different points within the car to give publicity to 
the act of registration and the conductor is given | 
authority to reject improper fares, as well as re- | 
sponsible supervision over the sale of transporta- | 
tion, it is considered that real protection for fare 
collection can be secured. 

Exponents of this principle advocate the estab- 
lishment of competition between conductors in re- 
gard to their accuracy of handling fares, and rec- 
ords are kept of the shorts and overs that exist be- 
tween the printed register record and the actual | 
turn-in of each conductor, who does not see the reg- MH 
ister record and does not know what has been regis- | 
tered when he makes his turn-in. In consequence, he 
turns in everything that he has in his pocket less 
his own change. If he is over he ig not given an |) 
opportunity to hold this amount out, thereby mak- 
ing his turn-in balance with his register. Neither 
is he required to make up any shortages, and if il 
any conductor is consistently short he is disciplined. | 

In brief, the basic idea of this system is to | 
make an appeal to that which is best in the em- 
ployee and to provide means for analyzing the char- 
acteristic errors of the various men, thus bringing 
to the surface those who should be watched more 
carefully because of carelessness or dishonesty. 


FARE REGISTRATION EQUIPMENT 


| 

Apparatus for the registration of fares without 
combination with a fare box has undergone rela- | 
tively few changes within the past few years, ex-_ | 
cept as regards the previously mentioned develop- | 
ment of a totalizing register, of which a typical | 
record is shown in an accompanying illustration. | 
With this device the printing wheels are turned | 
back to zero when each conductor starts to work. | 
Therefore, when the records are figured in the au- ! 
diting department no subtractions are necessary be- || 
tween the first print made and the succeeding 
prints with the exception of the total passenger | 
count, thus providing a check between the records | 
of successive conductors and between the closing il 
and opening figures of successive days. 

Another recent development in apparatus for fare | 
registration is found in a fare recorder which is i 
operated on the basis of mileage traveled by the | 
person paying fare. Thus, instead of setting the 
register in terms of money the machine is set in 
terms of stations or fare points, and the act of set- | 
ting the pointers to any two given stations auto- 
matically computes ‘and records both the distance 
traveled by the passenger and the amount of fare 
to be paid. The dial of this device is mounted in | 
the car in the usual. manner, but is divided into | 
half-mile divisions-covering 100 miles of run. The | 
dial carries three pointers, one indicating the start- | 
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Register Fixtures Arranged for Hither One-Man or 
Two-Man Operation 


ing point and another the destination, while the 
third is provided for arbitrary fares, being moved 
backward or forward to make the deductions or ad- 
ditions involved by the change from. the standard 
rate per mile. Movement of the pointers and regis- 
tration is effected by rods running the length of the 
car in the usual manner. The printed record, which 
is completed by the automatic printing of the totals 


Traffic Recorder for Registering Fares on a Mileage Basis 
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for cash passengers, ticket passengers, passenger 
miles and total fares collected, as well as the date, 
the train and the division, may be made up either at 
the end of the trip or at the end of each conductor’s 
run, the conductor being identified by signing his 
name on the record through an opening in the case. 

The use only of such fare registers is diametric- 
ally opposed to the alternative general plan of me- 
chanical fare collection, if it may be so termed, 
whereby the use of fare boxes eliminates the human 
element from the process of collecting fares in so 
far as this is possible. The underlying idea of the 
latter plan may, perhaps, be best exemplified by 
citing the method under which the fares are 
dropped into a locked fare box without registra- 


Fare Box Location on Cleveland Front-Entrance 
Center-Exit Car 


tion—a scheme that was first tried out in the early 
days of prepayment operation. Here the process 
of fare collection was wholly independent of the 
conductor, whose duties were limited to the making 
of change and to seeing that entering passengers 
dropped their fares into the box. 


MECHANICAL FARE COLLECTION 


Theoretically this provided the ideal arrangement 
from the standpoint of mechanical fare collection. 
The locked receptacle assured a complete turn-in to 
the company of the money that was dropped into 
the box, and the arrangement had the great advan- 
tage of simplicity both in regard to accounting 
practice and in the mechanical construction of the 
apparatus. In addition, it was generally considered 
to facilitate loading in comparison with hand col- 
lection, because passengers having the exact fare 
did not need to wait for those getting change or 
transfers. However, the original arrangement of 
having a locked fare box without registration of 
fares has been generally found to be very weak in 
practice, because dependence has to be placed upon 
the public to hand over the fares to the box and 
not to the conductor. Thus it becomes relatively 
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easy for a dishonest conductor to hold out fares in 
making change or to substitute for tendered fares 
coins of lower denomination. The result has been 


a return to the use of the register in connection 
with the fare box, and this is the almost invariable 
practice at the present time, regardless of whether 
the box is locked or is of the money-counting type. 


COIN COUNTING FARE BOXES 


Within the last few years the money-counting 
fare box has become a formidable rival of the locked 
box. The objects sought in its development as a 
substitute for the locked box were to avoid the 
trouble and expense of supplying each conductor 
with some $25 in small change each day, as well as 


Locked Fare Box Opposite Center-Pntrance 
on Pittsburgh Low-Floor Car 


the expense of removing all of the inner compart- 
ments of the fare box, transporting them safely to 
the auditing department, counting the money and 
putting it up in sacks to be sent up for the next 
day for use of change. In addition, it was desired 
to avoid the necessity for a check on those who did 
the counting, as well as the difficulty in properly 
checking the register readings against the fare-box 
contents. 

With the first money-counting fare boxes a seri- 
ous obstacle was encountered in the mechanical 
difficulty of counting coins accurately according to 
value on account of the small difference in diameter 
between the penny and the dime and the great va- 
riations due to wear and mutilation, together with 
the constant introduction of dirt into the counting 
mechanism. Several years of experiment, however, 
as well as experience derived from the increasing 
use of the machines, eventually served to overcome 
the difficulties, and within the last two or three 
years the money-counting fare boxes may be said to 
have met the conditions of normal operation in a 
satisfactory manner. When kept reasonably clean 
they are accurate, and under normal circumstances 
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Combination Fare Box and Register with Extra Sections, 
Permitting Tickets and Transfers to Be Rung Up by Hand 
they are reliable and generally give first-rate service. 
In addition to the refinements of detailed design 
brought about by practical experience, the money- 
counting fare box has been brought to a high state 
of development in its operating possibilities. 
Among the recent designs that have been intro- 
duced is one in which the standard registering 
fare box has been supplemented by a registering 


Coin-Counting Fare Box and Transfer Register 
on One-Man Car 
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Transfer Printed by Transfer-Issuing Machine 


mechanism which automatically counts upon sepa- 
rate cyclometers two different denominations of 
metal tickets or tokens, as well as the nickels, dimes 
and pennies that are ordinarily counted. The metal 
tokens, which are made in two sizes to serve the 
needs of railways where two classes of ticket fares 
are in use, are counted and indicated on two dif- 
ferent indicators, while the cash fares are totalized 
and shown on another indicator. A fourth indi- 
eator totalizes all of the fares collected. All 
fares are deposited in one hopper, and the counting 
mechanisms select automatically the different 
classes of fares and indicate them on the dials. 

The metal tokens used with this machine are 
made with a german-silver center and a bronze rim 
swedged securely around it. The size is midway 
between that of the penny and the nickel in one 
case, and in the other midway between the Amer- 
ican dime and the Canadian 5-cent piece. The com- 
bination of metals, together with the printed mat- 
ter impressed on the token, makes counterfeiting 
a very difficult matter, and the hardness of the 
metal employed insures a long life. 

In another type of machine a device is furnished 
for separating pennies and depositing them in a 
locked compartment which may be taken out later 
by someone in authority, the object of this device 
being to prevent beating the machine with flattened 
dimes or turned-down nickels that might otherwise 
pass through and register only as pennies. Still 
another machine makes use of a registering fare 
box in combination with a ticket-receiving box in 
which paper tickets may be deposited, these being 
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ously, this is an attempt to take care of both paper 
tickets and money with an inexpensive machine, the 
need for which appears in many small towns where 
cut-rate paper tickets are required by ordinance. 
This apparatus appears to be operating satisfac- 
torily, but owing to the fact that the passenger is 
expected to put the ticket in the small opening pro- 
vided for it, the box does not seem to be practical 
where traffic is heavy. Machines have been built 
which receive both tickets and money in the same 
hopper, and which, after separating the tickets 
from the money, cancel the tickets and count the 
money; but the apparatus can hardly be considered 
to be perfected at the present time, since it is very 
expensive and requires a motor for its operation. 
Undoubtedly the most practical solution of the 
ticket problem is the use of metal tokens, but this 
idea has grown very slowly in popularity. Never- 
theless, the metal ticket has appeared to have many 
advantages wherever it has been tried out, and 
apparently no disadvantages of any 
consequence have been developed. 
Still another development in fare 
box construction, one of the most im- 
portant improvements in the past 
few years, has been the combination 
of the register with the fare box, so 
that the registration of fares is ef- 
fected by action of the counting 
mechanism of the fare box itself. In 
this machine, the register (instead 
of being mounted on the bulkhead of 
the car and connected by cords or 
rods to a position convenient for the 
conductor) is mounted on a standard 
extending up from one side of the 
fare box. Registration of fares is 
accomplished without any effort on 
the part of the conductor other than 
turning the handle that operates the 
coin-counting mechanism, the count- 
ing of each fare resulting in a change in the large 
numbers on the dial of the overhead register. 


Transfer- 
Issuing 
Machine 


MotTor-DRIVEN REGISTERING FARE-BOXES 


The motor-driven fare box, which constitutes the 
most recent development in mechanical fare col- 
lection, has come as an almost obvious sequel to 
the combined fare box and register. It is probable 
that the device has made its greatest strides in the 
city of Boston, where about 60 per cent of all fares 
are now handled in this manner, both on the rapid 
transit lines and on the surface cars. On surface 
cars, when a passenger offers his fare, he is not 
allowed to deposit pennies or tickets, and if a letter 
carrier or other government employee tenders a 
ticket of value, the conductor gives him a nickel in 
exchange for it, whereupon it is deposited in the 
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box and registered. If a passenger tenders a 4- 
cent exchange ticket or a transfer, the conductor 
registers it by hand on the transfer register which 
with the cash register is located on a stanchion 
directly above the fare box. 

When the passenger drops his nickel in the fare 
box it falls upon a tilting table, this being hand 
operated, under the control of the conductor. The 
money is registered automatically by the motor, 
which is started by tilting the table, and the fare 
drops into the bottom of the box, where it is imme- 
diately available for change. Therefore, the con- 
ductor does not have to spin the operating handle 
of the fare box nor to operate a register except for 
transfers, checks and employees’ tickets, and he 
cannot possibly show an honest difference between 
the money collected and the indication on the 
register. Also, on a heavy traffic line it is no small 
convenience to the conductor to have change imme- 
diately instead of being obliged to interrupt his 
work by grinding the fare-box handle. 

The old trick of securing a fractional registration 
with a penny or clipped nickel is useless, because 
the register will not record anything below a full 
fare. Furthermore, it is dangerous to the con- 
ductor who tries it, because such coins drop into a 
locked receptable not accessible to the conductor, 
and a conductor whose box contains several such 
coins lays himself open to suspicion. In general, 
the motor-operated coin register is said to be very 
popular with the great majority of the Boston 
Elevated Railway Company’s employees, because it 
relieves them of much work and worry, while there 
is instantaneous registration of each fare upon a 
register that is visible and audible from inside the 
car, thus overcoming one of the weak points of the 
ordinary fare box. 

Generally speaking, the motor-driven fare-box 
registers are similar to standard hand-driven ma- 
chines except for the fact that they are provided 
with a separable base containing a 600-volt 1/15- 
hp. motor designed for operation on a circuit direct 
from the trolley. The current requirement is only 
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1/5 amp. and the motor base contains an automatic 
switch which cuts off the current as soon as the 
money in the machine is registered. 


TRANSFER PRINTING ON THE CAR 


Reference has already been made, in connection 
with the general subject of fare collection, to the 
use of transfer-printing machines that may be 
mounted on the car near the conductor’s station to 
relieve him of the labor of punching transfers and 
at the same time to furnish a check upon this oper- 
ation. Such machines have not as yet been produced 
in large quantities, but the limited number in use 
at the present time have given successful results, 
indicating that the principle is well adapted for 
general electric railway service. The transfers are 
printed as issued from the machines, which are pro- 
vided with operating pedals or small hand levers 
for setting the time and other data to be printed. 
The transfers as issued are cut from rolls of inex- 
pensive white paper and are neat and sanitary. 

The machines are usually so arranged that they 
can be changed from one end of the car to the other 
very readily if necessary, and the cost is moderate, 
involving in the case of one design an expenditure of 
about $100. The size is about the same as a coin- 


counting fare box, and the weights of the different 


types range from 17 lb. to 35 lb. 

Apparently, such devices should be decidedly eco- 
nomical, because they reduce the cost of transfers 
to the equivalent of that of plain rolls of paper, 
while the expense of handling and checking trans- 
fers is also eliminated. The conductor’s transfer 
record of the day is simply a matter of issuing 
to himself a transfer upon beginning his work and 
another upon quitting. He fastens the two to- 
gether and turns them: in, so that the opening and 
closing consecutive numbers are thus reported, 
the times showing when he began and finished his 
run. However, the important element of the device 
appears to be speed because with one type of ma- 
chine tests have shown that between sixty and sev- 
enty transfers per minute can be easily issued. 


7 


® : 


Trucks, Wheels, Axles 
and Gearing 


Many recent trucks have been characterized by the general use of structural shapes and pressings in- 
stead of forgings, and they have frequently been simplified by the omission of the once-universal equal- 
izer bars, while spring systems have been improved by the use of coil springs in series with leaf springs. 
For city service the non-parallel-azle truck has come into use and there is evidence of a tendency toward 
a return to cast-iron wheels and possibly toward the use of annealed axles and anti-friction bearings 


RUCKS of the four-wheeled swiveling type, 

which are generally representative of the 

electric railway practice of this country, 
have been subject to very little change within re- 
cent years, at least in so far as basic methods of de- 
sign may be considered. However, there appears to 
be a marked growth in popularity in the use of 
structural steel shapes that are fastened by rivets in 
preference to bolts, since bolts generally display a 
tendency to get loose and yet are difficult to remove 
in case repair work becomes necessary. In all cases 
a swinging truck bolster is used to support the cen- 
ter-plate load, the movement of this being absolutely 
essential to safe and easy riding as speeds increase, 
although the swing motion has been dampened in 
some instances by adjustable friction devices. 

One of the most important of recent improve- 
ments in truck details has to do with this feature, 
the innovation being designed to eliminate uneven 
frictional action by the chafing plates ordinarily em- 


ployed to hold the bolster between transoms in an 
upright position. For example, when the car is 
coasting the bolster is free to ride upon its springs, 
but when the torque of the motors or the pressure 
from the brakes forces the bolster against the chaf- 
ing plates, there is a certain amount of friction, and 
very frequently a locking effect, which interferes 
with the swinging as well as the spring action, and 
may stop it altogether, resulting in rough, jerky rid- 
ing. By the employment of the new device, which 
is called a bolster guide, this condition may be en- 
tirely removed. The guide is shown in one of the 
accompanying illustrations of a truck of the M. C. B. 
type, appearing between the brake release spring 
and the side bearing on each side of the truck. It 
consists of a pair of links pivoted at one end to the 
bolster and at the other to the transom, allowance 
for play or side swing of the bolster being provided 
under spring pressure. Consequently, the bolster 
floats on top of its springs and is held in position 
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Truck Equipped with Bolster-Guide Links Pivoted to Ends of Bolster and to Transom 


exactly parallel with the transom, although it is 
able to move freely up and down or sidewise to pro- 
vide swing easement at curves. As the links are 
pivoted to the truck bolster on the vertical center 
line of the truck’s pivot plate, a dead-center pull on 
the truck bolsters is established when brakes are 
applied, and this absolutely prevents the bolster 
from tilting. 


MODIFICATIONS OF THE M. C. B. TRucK 


For swiveling city-car trucks, certain variations 
have appeared in the location of the swing links 
that carry the bolster, thus modifying the M. 
C. B. design, in which the links invariably hang 
from the transoms and support a spring plank that 
carries the elliptical springs upon which the bolster 
rests. One of these alternative arrangements is to 
hang the swing links from the top member of the 
truck-side, so that they support directly the ends of 
a half-elliptical spring, on top of which rests the 
end of the bolster. With such a design the springs 
are placed lengthwise with the truck-side, and the 
side movement for the bolster is limited, the springs 
being rigidly attached to spring-seats at the ends 
of the bolster. The design is, of course, intended 
particularly for city service where speeds are low, 
and its obvious advantage is its simplification or re- 
duction of the number of parts required in the 
truck. 

Modifications of this design make use of spiral 
springs mounted in series with the leaf springs to 
absorb vibrations of short amplitude. This method 
of improving truck spring systems was worked out 
two or three years ago, and it has been adopted as 
a part of many recent constructions because it au- 
tomatically brings into action the soft-acting spiral 
springs to insure easy riding of the car body under 
light loads and to cushion the smaller vibrations 
and shocks. 


Notwithstanding the popularity of the above- 
mentioned plan of hanging the springs direct from 
the truck side-frame, a number of low-floor trucks 
for city service have been designed along the line 
of the M. C. B. design, in that the leaf springs are 
set transversely with the truck-side and are located 
on a spring plank hung from the transoms. Such 
trucks are frequently made up from flat steel bars 
for the truck-sides similarly to the arch-bar truck 
commonly used under freight cars. In this case no 
end frames are used to connect the ends of the truck- 
sides together, and, as a matter of fact, end frames 
have been omitted also in many interurban truck de- 
signs where both motors and brakes are inside hung, 
thus showing plainly that the end frame in itself 
is not essential to the alignment of the truck. 

Among the modern trucks of modified M. C. B. 
type that have been built within the past few years 
are several which make use of structural shapes 
and pressings, instead of the flat bars above men- 
tioned. This results in a construction of a great 
strength and lightness. One such truck, which is 
illustrated on page 630, has been designed for ex- 
tremely heavy high-speed service involving an actual 
center plate load of 48,000 lb., and a maximum cen- 
ter plate load within the elastic limit of the mate- 
rial amounting to about 120,000 lb. The weight of 
the truck, complete with brake rigging but without 
motors or gearing, is 12,500 lb. 

In general the M. C. B. type of truck is in- 
variably associated with the use of equalizer bars 
for transmitting the load at the center portion of 
the truck-side to the boxes, and although this de- 
vice was almost universally used at one time in elec- 
tric railway service, present opinion is very much 
divided as to the necessity for the complication. 
The object of the equalizer bar is, obviously, to per- 
mit movement of one wheel, in case it encounters 
some irregularity in the track, without compelling 
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High-Speed Truck Built with Structural Shapes and Pressings to Give Light Weight 


a corresponding movement of the whole side of the 
truck, and if this result could not be obtained in 
any other way, there would be ample reason for the 
construction. However, the use of spiral springs on 
top of the boxes has proved to be perfectly prac- 
ticable, and where the matter of height has been 
important the requisite length and amplitude of 
movement for these springs have been attained by 
placing them alongside of the box and supporting 
them on lugs instead of on top of the box. It is 
true, of course, that the omission of the equalizer 
bars must, for a given spring, reduce to some ex- 
tent the freedom of relative movement between the 
wheels and the truck as a whole, so that the prob- 
lem of the use or non-use of equalizer bars would 
seem to be largely one of track conditions. 

However, non-equalized trucks have been used 
successfully under recent passenger coaches for 
steam railroads that have been by no means noted 
for their smooth roadbeds and, in consequence, more 
than a discussion of principles appears to be re- 
quired to warrant the retention of the equalizer bar. 
In fact, in city service the equalizer seems to have 
been abandoned at the present time, except in very 
rare instances, because of its weight and its com- 
plication of its truck construction. 


Where two motors are mounted on one truck, the 
inside-hung motor arrangements display an over- 
whelming popularity for recent cars, the possible 
reduction in wheelbase to be effected by outside- 
hung motors evidently being an insufficient recom- 
pense for the savings in weight and complication 
that accompany the inside-hung arrangement. Of 
course, where maximum-traction trucks are adopted, 
the location of the driving wheels near the bolster 
necessitates hanging the motor outside of these 
wheels, but other than this, the use of outside-hung 
motors to reduce wheelbase to the extremes that 
were occasionally used several years ago, seems to 
have been altogether given up. In this connection 
the influence of modern small-sized motors appears 
in the question of truck wheelbase, which now 
ranges down to 5 ft. 2 in. for recent cars having 
two inside-hung motors per truck. 


MAXIMUM TRACTION AND SHORT WHEEL-BASE 
TRUCKS 


In city service the maximum-traction truck has, 
of course, retained its popularity of some years ago, 
but at the same time the influence of the small 
wheel is making itself felt also in this regard, al- 
though, on one recent two-motor car, typical maxi- 


End View ot High-Speed Truck Shown Above 
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mum-traction trucks with 26-in. wheels have been 
used in connection with the modern small motors. 
However, in another two-motor city car both motors 
are mounted on one truck, which has 24-in. wheels, 
the opposite truck being an idler. For this idler 
truck 24-in. wheels are used as well as on the 
motor truck, the reason for not going to a smaller 
diameter being that the slight saving in weight 
thus effected would hardly compensate for the 
greater complication of spare parts that would have 
to be carried in stock to provide for the mainte- 
nance of two different truck designs on each car. In 
several instances, also, the recognized advantages of 
the maximum traction truck have been given up in 
favor of the greater advantages to be derived from 
the use of small motors, several cars being equipped 
with four motors and small-wheeled trucks, in pref- 
erence to the use of the same total capacity of 
motors in a two-motor equipment with maximum- 
traction trucks. However, a division of opinion ex- 
ists on the advisability of this procedure, owing to 
the fact that maintenance of motors is commonly 
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previous chapter, and this type has evolved from 
the form in which it originally appeared largely 
through simplification and through the substitution 
of structural steel members for the forgings that 
were originally common. One such truck, which 
has been designed for ultra-light cars, has a weight 
complete with truck brake rigging of only 3,200 lb. 
For larger cars, single-truck weights increase up to 


about 6,000 lb., a wheelbase of 8 ft. seeming to be. | 


about the maximum that is popular. However, 
rigid wheelbases up to a length of 8 ft. 6 in. have 
been used, and it is considered by one manufacturer 
that a 9-ft. wheelbase could be made to give satis- 
factory service if necessary. 

In connection with the use of four-wheeled cars 
having rigid axles, mention may be made here of 
the principle of omitting the truck altogether and 
supporting the car direct on the journal boxes. An 


example of this construction is to be found in the 
ultra-light-weight cars built by the New York Rail- 
ways for storage battery operation some three years 
ago, the car in this case being designed with a con- 


Typical Non-Parallel-Axle Truck 


held to depend rather upon the number of motors 
to be kept in repair than upon the horsepower of the 
motors, so that the maintenance of two 60-hp. units 
would be less than that of four 30-hp. motors. 

In connection with maximum-traction trucks it 
might be said that recent designs have almost in- 
variably been constructed for operation with the 
poney wheels toward the ends of the car, the object 
being to avoid the loss of adhesion that occurs at the 
extreme front wheel whenever a car starts. Also, 
in a recent single-end design this effect of inertia 
has actually been utilized to good advantage by 
facing both poney wheels forward, the tilting of the 
trucks during acceleration increasing adhesion. 


TRUCKS FOR LIGHT CARS 


Although the double-truck car is really the repre- 
sentative type on American electric railways, the 
single-truck design has experienced a marked re- 
vival within recent years, this being refiected in the 
number of radically different types that are in use 
at the present time. Of these, the rigid-axle truck 


is apparently the most popular, as mentioned in a 


siderable hub-clearance, so that the bottom of the 
side sheathing comes about in the plane of the boxes. 
The side sheathing of the car supports the entire 
load and it is reinforced at the journal boxes to pro- 
vide seats for helical springs arranged in multiple, 
which constitutes the entire spring equipment. 
Nothing is installed that is equivalent to the half- 
elliptic springs that are commonly extended beyond 
the wheels on single-truck cars to increase the spring 
base for the car body, but in the case under dis- 
cussion the speed of the car is at all times ex- 
tremely low, so that the tendency to pitch or gallop 
is reduced to a minimum. The use of such multi- 
ple helical springs for single-truck cars has been 
popularized to a considerable extent by the develop- 
ment of the so-called wide-wing journal box which 
increases the possible length of the spring support 
of the frames and, with the large diameter spiral 
springs in pairs on the journal box wings, adds to 
the strength as well as to the riding qualities of the 
truck. 

The tendency to gallop is, of course, the great 
difficulty with all short-wheelbase single-truck cars, 
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Modified M. C. B. Truck for City Service 


the limitation to the wheelbase existing, of course, 
because of the difficulty of getting the car around 
curves. To meet the situation the non-parallel axle 
truck has been developed, and although this has not 
as yet extended the field for the single-truck car 
materially beyond its original limits, it displays very 
definite promise. Existing designs of non-parallel- 
axle trucks have increased the truck wheelbase from 
9 ft. up to 12 ft. and occasionally 15 ft., and by thus 
decreasing the length of the overhanging ends of the 
car body the tendency toward galloping has been 
materially reduced. 


NON-PARALLEL-AXLE TRUCKS 


The basic principle of the two most common 
types of non-parallel-axle trucks involves the use of 
swinging links which hang from the boxes on 
diagonally placed pins and which thus compel the 
boxes to swing in a direction such that when any 
wheel is forced inward by the pressure of curved 
track against the wheel flange, the wheel is also 
moved toward the end of the car, radiating, so to 


Part Plan and Elevation of Non-Parallel-Axle Truck 


speak, about a center which is on the center line 
of the car. Such a movement is brought about by 
the use of pins at one end of each swing link, the 
pins for the links of the forward wheels (for a 
given direction of movement of the car body) being 
set so that they make the links move only in planes 
pointing inward, while the pins for the links for 
the rear wheels are set in such a direction that these 


— Pivot Bearing 


Single-Axle Radial Trucks as Used on Glens Falls Car 


links swing only in planes diverging from the center 
line of the car. To be exact, all pins are really on 
radial lines from the center of axle movement. When 
one of the forward pair of wheels is forced inward, 
it also moves ahead, while the outward movement 
of the opposite wheel involves a corresponding 
movement to the rear. With the rear pair of wheels 
(it being understood that the arrangement is sym- 
metrical, and hence is reversible in so far as car 
movement is concerned) inward pressure causes a 
rearward movement for the wheel, while the op- 
posite wheel has to move forward. Thus, the two 
pairs of wheels when subjected to the pressure of 
the outer rail on a curve, tend to assume positions 
such that the car is guided around the curve without 
grinding of flanges. 

Provision is made so that the links have a tend- 
ency always to return to the vertical, so that the 
car will ride steadily on tangents. In one case this 
consists in providing the lower end of each link 
with two pinions or trunnions, which engage in the 
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Plain Arch-Bar Truck of Light Weight for Low Floor Cars 


yoke braces and are designed so that when the 
wheels radiate on a curve the trunnion at one side 
of the lower end of each link leaves its groove, 
throwing the weight on the other pin and causing 
the link to return to the normal upright position 
as soon as a curve is passed and the flange pressure 
is removed. 

Still another type of non-parallel-axle truck for 
four-wheeled cars has been brought out recently, 
this differing from the foregoing arrangement in 
that the two axles under the car are not carried in 
one structure. Instead, each axle has its separate 
truck so that, although the arrangement is very com- 
monly known as a radial-axle truck, it might well 
be distinguished by the term single-axle truck. The 
two trucks under a car, it is true, are connected by 
a guide bar, but since this has a spring-controlled 
sliding sleeve joint, it permits uneven action, which 
occurs in going over special work or rough track. 

The most radical feature of the arrangement 
is the use of a pivot bearing at one diagonal 
corner of each truck, instead of at the center, as is 
customary. At the other corner of the same side of 
the truck is a swing hanger, and on the opposite 
side of the truck both corners are provided with 
rollers which carry the weight of the car, but which 
permit the axle to swing radially about the pivot 
bearing at the other side of the truck. Radiation 
is effected by pressure of the rail against either one 
of the wheel flanges. The swing hanger supports 
a swing, link or radius bar that is attached to the 
ear body at one end and is extended horizontally to 
a pivot under the journal box, this tending to keep 
the truck in alignment with the rail. 


WHEELS FOR ELECTRIC RAILWAY SERVICE 


Recent practice in regard to the choice material 
for wheels under city cars has displayed evidences 
of a swing back to the use of cast iron in place of 
solid wrought steel, which was so popular a few 
years ago, while the revival of the cast-steel wheel 


with a manganese tread has been a still more re- 
cent development. The steel-tired wheel is now al- 
most universally used for high-speed service, but it 
has been supplanted in low-speed service by the 
solid wheel, especially in the regularly rolled sizes, 
or, say, 36 in; or less, because of the solid wheel’s 
superior simplicity as well as: its reduced cost on a 
mileage basis. Incidentally, it may be said that the 
one-wear wrought-steel wheel seems to have been 
very generally supplanted by thick-rim designs, the 
most economical rim thickness being generally con- 
ceded to be 2% in. This thickness permits two 
or more turnings to bring the final rim down to the 
discard limit of 1 in. that is generally used, al- 
though frequently a minimum rim thickness of %4 
in. is considered, to be, safe... 3, 

Under such circumstances a solid wrought-steel 
wheel of large size, or, say, 33 in. or 34 in. in 
diameter, is frequently expected to give a mileage of 
approximately 200,000 under favorable conditions, 
the mileage per 1/16 in. of wear being variously 
assumed between 8000 and 11,000. As compared 
with this, the mileage of a cast-steel wheel is esti- 
mated at between 110,000 and 200,000, while the 
mileage of a cast-iron wheel seems to be quite well 
established at about 45,000 miles. The first cost 


Standard Railway Motor End-Housing Equipped with 
Ball Bearings ; 


of the forged steel wheel and the cast-steel wheel 
are approximately the same, but the scrap value of 
the forged steel wheel is somewhat greater than 
in the latter case. The cast-iron wheel, on the 
other hand, costs less than half as much as the 
forged steel wheel, and although its scrap value is 
actually less, the relative importance of the scrap 
in the case of the cast-iron wheel is greater than 
in the case of forged steel. Representative weights 
of wrought-steel, cast-iron and cast-steel wheels, of 
say 34-in. diameter, are respectively about 650 lb., 
550 Ib., and 465 lb. In general, when the influence 
of all these various factors is taken into con- 
sideration the net cost per car mile of the three 
types does not seem to be very greatly different. 

Obviously this situation is due to the extremely 
high mileage credited to the wrought-steel wheel, 
because both its cost and weight are high, and the 
high mileage depends absolutely upon the fact that 
the wheel may be turned two or more times in 
service. These conditions may have had some in- 
fluence on the recent revival of popularity for the 
cast-iron wheel in city service and, in addition to 
this, there is the fact that some difficulty appears 
to be experienced in manufacturing wrought-steel 
wheels in the small sizes that are now so frequently 
called for on city cars. 

The cast-steel wheel, which is made with a tread of 
high-manganese steel that is chilled and subse- 
quently ground true, has been only recently intro- 
duced generally in electric railway service, and mile- 
age records are not available. However, in one case, 
30-in. wheels operating under 80,000 lb. capacity 
motor cars in high-speed interurban service, are re- 
ported to be averaging from 175,000 miles to 200,000 
miles for their one wear. No definite statistics are 
available in regard to the percentage of failures 
before the end of the normal life of this type of 
wheel, but in the case of service tests under heavy 
freight cars, a total number of 83,000 wheels in 
service for an average period of two years and four 
months, gave a record of sixty-nine wheels removed 
on account of worn flanges or treads, sixty removed 
on account of mechanical damage, fifty-six on ac- 
count of defects in manufacture, and 482 slid-flats, 
which were removed, reground and returned to serv- 
ice. The feature of this record is the very small 
percentage of wheels removed for flange wear, this 
characteristic being reported to have been found in 
all cases when manganese-steel treads are used. 


AXLES AND GEARING 


Wtih regard to axles, the most prominent develop- 
ment of recent years is the fact that many of the 
heat-treated axles that were installed six or eight 
years ago are now coming to the end of their normal 
lives, and as a result there have been quite a num- 
ber of failures. Undoubtedly, the heat-treated ma- 
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terial, which was introduced solely as a means to 
make axles carry an increased load without giving 
them correspondingly increased dimensions to suit 
the larger motor bearings and greater weights of re- 
cent years, is capable of producing steel that will 
give thoroughly satisfactory results. The fact that 
heat-treated axles have been found in a great many 
cases to have a life not necessarily exceeding 200,000 
miles and sometimes less, is not necessarily an in- 
dication that the use of heat-treated material is un- 
desirable. Apparently the prime necessity is that 
the steel should be so installed that it will not have 
to bend in any way, an example of the effect of this 
being a recent case where electric locomotive axles 
with reduced centers actually cracked in the middle 
instead of within the wheel hub, as is almost in- 
variably the case in a locomotive axle failure. This 
extraordinary location for the cracks has been 
ascribed to the fact that the heavy loads on ‘the 
axles produced bending at the middle, and this the 
heat-treated material was unable to stand. How- 
ever, heat treatment is a complication, and unless it 
is properly performed it may not improve the quali- 
ties of the axles in any respect. For this reason 
it has been argued that it is better to make use of 
annealed steel and to accept the increases in 
diameter that are necessitated by its use. 

During the period covered by this general discus- 
sion the changes in gears and pinions for electric 
railway motors have been mainly those accompany- 
ing increased knowledge of the subject gained by 
past experience. No particular tendencies are in 
evidence in regard to the use of special classes of 
material, which include at the present time almost 
every type of steel. Preference is divided between 
cast-steel that is case-hardened and tempered and 
homogeneous forged steel that has been heat-treated 
to give a hard exterior, grading off gradually to the 
center of the tooth where the toughness is at a 
maximum. Untreated steel is used in many cases 
for gears, but alloy steel does not appear to be 
popular. Mileages are guaranteed in some instances 
with gears and pinions that are furnished for par- 
ticular electric railways, the figures being based 
upon the life attainable among gears and pinions 
already in service in the same localities, but it is 
not considered possible generally to estimate the life 
that can be attained under ordinary circumstances, 
since no two companies have the same operating 
conditions. Gear and pinion mileage is especially 
influenced by the condition of the track, and where 
the roadbed is kept free from sand and dust, and 
the wear on the armature and axle bearings is kept 
at a minimum, the life of both gears and pinions 
should reach the highest possible average, assum- 
ing that lubrication is carefully attended to. Forged 
steel, heat-treated pinions, when used with untreated 
gears, are reported to be giving all the way from 
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60,000 miles to 175,000 miles. Untreated gears for 
this combination give from 100,000 miles to 300,000 
miles, depending upon the gear ratio and other fac- 
tors, while heat-treated gears giving a life of 800,000 
miles have been reported. 

In regard to the design of gears and pinions, it 
might be said that the split gear fastened by bolts 
over a key on the shaft has definitely been displaced 
by the solid gear in all modern construction, the 
reason being that the solid gear is not only stronger 
and lighter, but also eliminates the harmful effect 
of indifferent workmanship during repairs or ad- 
justments. The diametral pitch for gearing has 
been definitely limited to a maximum of 3, but a 
figure of 2.5 is very commonly used. Owing to the 
fact that pinions must have not less than fourteen 
teeth, while some authorities even advocate a mini- 
mum of fifteen in preference, the gear ratio on 
electric cars with small wheels is limited, and this 
in turn involves the use of motors having a lower ar- 
mature speed and consequently higher first cost than 
would be involved in the case of higher gear ratios. 
To meet this difficulty there is a growing belief that 
smaller teeth will have to be used, although this will 
mean a shorter life for the gearing. 

In regard to gear cases, it may be said that steel 
has been rapidly replacing malleable iron as a ma- 
terial of construction, because of its lighter weight 
and ability to bend rather than break when the gear 
case strikes an obstruction in the street. Such steel 
gear cases are made in various ways, some having 
each half pressed out complete from a single sheet 
of metal, and others being pressed in quarters that 
are hand-riveted and spot-welded along the central 
seam. The welding process is favored because of its 
ability to make the gear case absolutely oil tight, and 
because of the possibility of rivets becoming loose 
in the thin metal. 


MISCELLANEOUS TRUCK FITTINGS 


In connection with miscellaneous fittings used in 
electric railway car trucks, there has appeared a 
tendency to adopt hardened pieces of alloy steel 
wherever wear is likely to take place. Case-hard- 
ened pins and bushings have been used in a number 
of cases for the brake rigging and for hangers or 
other pieces where movement occurs under heavy 
unit pressures. Bolster chafing plates in some in- 
stances are being made of manganese steel, this 
material being used in preference to case-hardened 
metal because of the fact that extended wear does 
not get through the skin and expose soft metal. 
The same thing applies in the case of motor-nose 
supports which have been similarly fitted, the mo- 
tion in this case being almost infinitesimal, al- 
though, of course, the unit pressure is heavy. 

During the past few years general recognition has 
been granted to the great importance of having fric- 
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tion reduced to a minimum at the side bearings, and 
a number of devices have been brought out to pro- 
duce this effect. Apparently the most simple of 
these arrangements are the most popular ones, al- 
though some very ingenious schemes have been de- 
vised. Ball-bearing center plates have appeared 
also to a limited extent, and in some cases single 
balls for the center plates have been used, these 
giving the ideal condition of universal movement of 
the center plates with a radius that is reduced to 
the absolute minimum. The difficulty with such an 
arrangement is, of course, the greatly reduced bear- 
ing area, and here it may be said that opinion 
seems to be that practically all existing designs of 
center plates are too small to carry the load properly. 
This appears in the almost universal tendency of 
center plates to squeeze out even the heaviest kind 
of lubricant, so that eventually the center bearings 
are cut badly and obviously tend to bind. That 
large bearing areas eliminate this trouble has been 
demonstrated in practice, some cars even being able 
to get along with a relatively light oil in the center 
plate bearings. j 

The most spectacular development of recent years 
in connection with truck details has been the in- 
troduction of anti-friction bearings in place of plain 
journals and brasses. These anti-friction devices 
are of two classes, namely, roller bearings and ball 
bearings; the former having a theoretical advantage 
in its ability to carry load, but a weakness in the 
fact that it has no universally satisfactory means 
for withstanding end thrust. In practice the roller 
type of bearing has had an advantage in a cost that 
usually has been lower than that of the ball bear- 
ings, but of late the difference in cost between the 
two has been approximately equalized. There have 
been numerous installations of each type of bearing, 
and although these have been unsatisfactory in some 
cases (generally owing to an inability of the rolling 
members to withstand the heavy unit pressures), 
there have been an ample number of instances to 
show anti-friction bearings to be really economical 
provided their life is assured. 

The use of ball bearings on motor axle bearings, 
although it seems more logical than on journal 
bearings where the loads are heavy, has only re- 
cently begun to pass the experimental stage. The 
reason for this has been that motor manufacturers 
have not wanted to undertake the use of ball bear- 
ings, regardless of the advantages that they might 
have, until assurance was given that the bearings 
would be mechanically reliable. Now, however, 
there has appeared a light-weight railway motor 
with ball bearings for the armature shaft. In this 
arrangement the use of ball bearings in place of the 
customary plain bearings has permitted the motor 
to be made shorter and generally more compact in 
its design. 


Brakes, Couplers 
and Other Safety Devices 


Prominent recent developments in the now almost invariably-used air brake include, for high-speed serv- 
ice, the universal valve whereby any degree of elaboration in operation may be attained by adding at- 
tachments to a single fundamental device, and for city service, emergency valves for plain straight-air 


equipments. 


Pneumatic operation also has been utilized frequently for all classes of safety devices such 


as sanders, fenders, door operating mechanisms and control equipment, the latest development in coup- 
lers providing for automatic establishment of air pipe and electrical connections between coupled cars. 


AFETY devices, which naturally occupy an 

important position in connection with the 

means for movement of electric railway cars, 
have had a greatly accelerated development since 
the comparatively recent establishment of the 
safety-first movement. In this class of equipment 
the brake is unquestionably the most prominent, 
not only because the means for stopping a car are 
quite as important as the means for moving it, but 
also because the practically-universal adoption of 
air-operated brakes has made available on the car 
a supply of compressed air whose influence on the 
design of safety equipment has been far-reaching. 
Pneumatically-operated doors, as previously out- 
lined, are now almost universally used for rapid 
transit cars and have gained at least a foothold in 


city service, and at the same time, air operation 
has been frequently applied to propulsion-motor 
control equipment when it has been removed from 
the platforms. Sanders and even fenders that de- 
pend upon compressed air are by no means uncom- 
mon, while the latest development in car-coupling 
equipment makes provision for automatic connec- 
tion of air hose a feature which originated solely 
from the universal adoption of the air brake. 


AIR BRAKES 


With the brake itself, however, the recent changes 
are improvements only more or less basic in char- 
acter that have been made from time to time as 
demanded by service requirements. For city cars 
the plain straight-air equipment which has been 
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standard during a number of years has been im- 
proved by the addition of an automatic emergency 
feature, and this has come widely into use, espe- 
cially in large communities. For high-speed sery- 
ice, where automatic air brakes are essential, the 
most important development has been the intro- 
duction of a so-called “universal equipment” which 
provides for the extension of operating functions 
merely by the attachment of additional parts to a 
fundamental device. 

With this universal equipment it is possible to 
supply the equivalent of the simplest automatic 
brake in a fundamental form, given an ordinary 
brake application and an ordinary release. By at- 
taching a special cover to the universal valve, the 
release of the brake may be graduated, and by 
adding another portion, greatly increased pressure 
is obtained in emergency from a supplementary 
reservoir automatically connected with the brake 
cylinder at that time. With the operating features 
mentioned, the universal equipment becomes equiy- 
alent in function to the AMM equipment that has 
been popular for many years in interurban serv- 
ice. Then, if desired, simple flexible straight-air 
operation (with the automatic feature always 
in reserve) may be incorporated in the universal 
valve, straight-air, owing to its convenience, being 
generally called for at present in service involving 
operation of both single cars and trains of not 
more than three cars. When trains longer than 
three cars are the rule, a quick-action portion may 
be attached to the universal valve and, similarly, 
other functions may be added depending upon the 
needs of the situation. 

In subway and elevated rapid-transit service, 
where load-carrying capacity must be at the maxi- 
mum and high speeds and short headways are called 
for, as well as the necessity for the utmost relia- 
bility, electric control of pneumatic operation is 
provided by suitable devices added to the funda- 
mental universal equipment. This permits instan- 
taneous application and release of the brakes 
throughout the train, as well as other practical ad- 
vantages making for a higher over-all efficiency and 
economy in train movement. 

In general, it may be said that the universal 
valve is designed primarily for rapid transit serv- 
ice and for heavy electric traction because it can 
handle any required size or combination of brake 
cylinders. Inasmuch as many interurban lines have 
already standardized upon previously-manufactured 
types of triple valve, such as that included with the 
above-mentioned AMM equipment, the universal 
valve has not come generally into use for electric 
railway cars having brake cylinders with diameters 
of 12 in. or less. 

Comment might be made here in connection with 
the electro-pneumatic feature that is provided with 
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the universal valve in that the positions of the 
motorman’s brake-valve handle are the same for 
both electric and pneumatic operation. With earlier 
forms of electric brakes, for example, the position 
of the brake-valve handle for electric service appli- 
cation was not the same as that for a pneumatic 
service application, making possible a failure to 
obtain full braking power unknown to the motor- 
man in case of poor contacts or open circuits in the 
electric control wires on any car. With the new 
equipment, potential pneumatic control takes place 
simultaneously with the action of the electric con- 
trol, and so long as the electric brake functions 
properly, the pneumatic brake merely stands ready 
to act. Therefore, if the electric brake is in perfect 
order, it controls the train at all times, but if, on 
the other hand, the electric circuits on any car hap- 
pen to fail, the only difference appears in the slower 
operation of the pneumatic control which then oper- 
ates on that particular car. 

In the latest form of this equipment instanta- 
neous action of all brakes in the train is brought 
about electrically by admitting air direct from the 
auxiliary reservoir to the brake cylinder on each 
car of the train, in an amount that is determined 
by the time during which the controlling magnet 
valve is energized through the holding of the mo- 
torman’s brake-valve handle in service-application 
position. At the same time, because of the position 
of the brake-valve handle, brake-pipe pressure is 
also reduced in the usual way, resulting in a re- 
adjustment of the internal parts of the universal 
valve locally on each car and thus placing the pneu- 
matic control in position to function in case of 
failure of the electric operation. For this electric 
operation air from the auxiliary reservoir does not 
pass through the triple valve and, in effect, there- 
fore, the electric service application is similar to 
that of a straight-air brake. 


IMPROVEMENTS IN AIR-BRAKE DETAILS 


In connection with high-speed equipment, it is of 
interest to note that tests made within recent years 
have exploded the old belief that to keep wheels 
from sliding at low speed, a blow-down is necessary 
for heavy emergency pressures in the brake cylin- 
der. In the Pennsylvania Railroad tests it was 
shown conclusively that the condition of the brake- 
shoes automatically took care of the tendency to- 
ward an increased coefficient of friction at lower 
speeds, because they heated up sufficiently during 
the progress of the stop to lose much of their grip- 
ping ability. At extremely low speeds, perhaps, 
this condition might not obtain, but when a train’s 
speed has been brought down to, say, 5 m.p.h., the 
distance that is run before the full stop is made is 
so short that the damaging effect of sliding wheels 
is eliminated. With the modern high-speed brake, 


therefore, the blow-down has been eliminated for 
emergency applications, although emergency pres- 
sures at the brakeshoes range from 120 to 180 per 
cent of the weight on the wheels, depending on the 
service. 

As a consequence of the heavy braking forces 
necessary to control modern heavy trains, much 
attention has been given to the clasp type of brake 
rigging wherein brakeshoes are hung on both sides 
of each wheel to reduce the unit pressures on the 
brakeshoes and to prevent the shifting of the jour- 
nal from under the brass that has been found to 
accompany high-braking pressures with single 
shoes. However, the clasp brake has been generally 
adopted only for cars weighing more than 100,000 
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Air Compressor Designed Especially for Low-Floor Cars 


lb., and since shifting of the journals can be avoided 
much moreyeasily by the use of semicircular journal 
brasses, it seems doubtful whether the more com- 
plicated plan will be used extensively in electric 
railway service, where the relatively light cars 
escape the problem of eliminating excessive brake- 
shoe wear and heating due to high pressures at the 
contact surfaces. 

For low-speed city cars, as previously mentioned, 
an automatic emergency feature has been developed 
and added to the plain straight-air brake. This 
equipment is automatic only in emergency, because 
such application may be brought about either at 
the will of the motorman or by the breakage of 
pipes caused by collisions or otherwise. The emer- 
gency action is accomplished by sudden reduction 
of pressure in the emergency pipe that is installed 
under the car in addition to the straight-air appli- 
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cation-and-release pipe, and this moves a valve and 
opens ports that let main reservoir pressure di- 
rectly into the brake cylinder. Because of the 
higher factor of safety over the ordinary straight- 
air brake and the opportunity to add a conductor’s 
valve and thus put control of the car in the hands of 
a second man when needed, this emergency equip- 
ment is now being installed on a large proportion 
of modern city cars. 

In addition to the above-outlined developments 
in the air-brake equipment, when considered as a 
complete system, many improvements have been 
made in individual devices. One of the most im- 
portant of these revised designs appears in the air 
compressor. Here the changes have been along the 
lines laid down by the modern demand for low 
floors in city cars, which require the air com- 
pressor to be of reduced dimensions to go under 
the car floor and yet to leave ample room to clear 
a rough pavement. One such compressor with a 
weight of 565 lb. has a displacement of 16 cu. ft. per 
minute at about 200 r.p.m. This capacity is al- 
most universally used with double-truck cars equip- 
ped with straight air, while 25 cu. ft. per minute is 
equally common when automatic brakes are used. 
Some of the newest one-man cars weighing approxi- 
mately 10,000 Ib. have, however, a compressor of 
only 5 cu. ft. capacity, the aim being to secure light 
total weight, but in this case the ratio of com- 
pressor capacity to car weight is about the same 
as it is in the case of the double-truck equipment. 

Before leaving the subject of recent develop- 
ments in air-brake equipment mention should be 
made of the installation of a successful variable 
load brake in passenger service, after many years 
of experiment. In this scheme, the braking pres- 
sure is varied in accordance with the load on the 
car by means of a multi-chambered brake reservoir 
whose variable volume changes the effective pres- 
sure in the brake cylinders, the control being es- 
tablished through electro-pneumatic means, includ- 
ing the use of the car springs as a weighing device. 
Its possibilities are, naturally, very much greater in 
electric railway service than on steam railroads be- 
cause of the relatively greater ratio of passenger 
load to light weight of car and the better inspection 
that electric railway cars receive. But for the pres- 
ent, at least, the field for the variable load brake 
is limited, its particular adaptation being to heavy, 
high-speed, subway and elevated service where the 
road’s traffic-carrying capacity is limited only by 
the number of trains that can be operated. Ob- 
viously, the ability to brake according to the load 
and thereby to insure a uniform minimum stop- 
ping distance and a minimum headway must con- 
tribute materially to increased capacity of the road 
at congested points. 


SEPTEMBER 30, 1916 | 


Brakes other than air-controlled have appeared in 
several experimental electric equipments of the 
solenoid type for city cars. They have appeared also 
in regenerative brakes that make use of the genera- 
tor action of the main propulsion motors for heavy 
electric traction, although this type of brake in its 
modern form has been applied more frequently to 
locomotives than to cars, since it was tried and 
abandoned for general use long since in city service. 


BRAKES FOR ULTRA-LIGHT CARS 


The recent development of an ultra-light air brake 
has unquestionably restricted the outlook for the 
electric brake even on one-man cars, the new type of 
equipment weighing complete only about 600 lb. In 
addition, the use of air in this case has the advan- 
tage of permitting control of the entrance and exit 
doors by movements of the brake handle, a feature 
of no little importance where the motorman’s duties 
are elaborated to the extent of having him collect 
fares as well as operate the car. With this appara- 
tus the brake valve handle has six positions: release 
(doors open), release (doors closed), service, lap 
(doors closed), lap (doors open) and emergency 
(doors open). The brake valve also embodies a 
pneumatic sanding feature, whereby sand may be 
applied to the rail in any position of the handle by 
the mere pressing down of the handle. The emer- 
gency valve operates to apply the brakes, open the 
front door, lower the steps, unlatch the rear door 
and blow sand onto the rails should the emergency 
line be ruptured from any cause or should the opera- 
tor make an emergency application. 

As an adjunct to power-operated brakes of every 
type, the hand brake has, of course, an absolutely 
unrestricted field, and in the case of cars ranging in 
weight up to, say, 25,000 lIb., there still remain situ- 
ations where the hand brake is occasionally used 
alone. With ultra-light one-man cars, however, the 
additional duty for the motorman’s hands that it 
imposes has resulted in the installation of air as 
above mentioned, and even in some cases the use of 
the foot-operated brake. The latter, however, suf- 
fers inherently from a lack of amplitude of move- 
ment at the power end, so that band brakeshoes 
must be used if sufficient force is to be applied at 
the wheels. This has not proved to be an altogether 
satisfactory arrangement on account of the neces- 
sity for continual readjustment to maintain the small 
clearances, and it is probable that the foot brake 
will never be generally used notwithstanding its con- 
venience in the case of ultra-light cars. 


HAND BRAKES 


Hand brakes of the vertical staff type have been 
subject to but few changes from the geared devices 
with cam-shaped drums that were commonly used a 
number of years ago, the most important improve- 
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ment being that sweeping reductions have been made 
in weight. Modern hand brakes for heavy ears now 
frequently weigh between 40 lb. and 50 Ib. and for 
light cars actually less than 25 lb. Of late, also, it 
would appear that staffless brakes have gained ma- 
terially in popularity, owing to a demand for brakes 
that will conserve the utmost amount of space on the 
platform, one of these projecting only 344 in. into 
the vestibule while the distance to the outside of the 
hand wheel is about 5 in.—roughly half that found 
with the customary forms of vertical-wheel brakes. 
With this brake, which weighs about 75 lb. complete, 
the chain from the brake rod passes under an idler 
up through the car floor and around a sheave cast 
integral with a gear that is operated by a pinion on 
the ratchet-wheel shaft. The gearing is on the or- 
der of 4 : 1 so that a 75-lb. force on a 20-in. wheel 
will provide 2000 Ib. pull on the brake rod. 

The popularity of the staffless type of hand brake 
has no doubt been influenced by the fact that the 


Three Point Suspension for Air Compressor, Designed to 
Eliminate Cradle Support 


hand brake is becoming more and more of a stand- 
by device that is designed for use only when the air 
brakes fail, and this fact is responsible also for a 
recent revival of the ratchet brake in the form of a 
double-acting device with a long handle that is oscil- 
lated in a vertical plane, operating a drum such as 
is used with the staffless type of brake by means of 
a double pawl and ratchet. The box containing the 
drum occupies but a small amount of floor space 
and the fact that nothing but the handle extends 
above the top of the box makes the device as a whole 
present a minimum of interference to movement on 
the platform or in the motorman’s compartment 
where it may be installed. The weight is 67 lb. 
complete, and the machine is capable of developing a 
pull of 3000 lb., the double-acting ratchet eliminating 
all lost motion during application. 

No changes of importance have taken place in the 
design of foundation brake rigging except, perhaps, 
the revisions that have been necessitated by the in- 
troduction of the low-floor car in city service. An 
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example might be cited in the case of the Pitts- 
burgh low-floor car in which the general arrange- 
ment is practically standard in principle. The brake 
cylinder, which is 8 in. x 12 in., is mounted at an 
angle with a horizontal, so that the ends of the brake 
cylinder levers where they make connection with the 
pull rod are at the highest possible point, just clear 
of the under side of the floor. The pull rod extends 
in a straight line to the equalizer bar connection on 
the truck. 

Another development that has been prominent 
during the past few years has been the introduction 
of several very satisfactory brake slack adjusters. 
In one of these devices, when the brakes are ap- 
plied, the brake beams separate horizontally against 
the slight friction exerted by a rod that is at- 
tached to one beam and slides in a friction sleeve 
connected to the other. Upon release of the brakes, 
a small amount of lost motion is first taken up, thus 
giving clearance for the brakeshoes. As the release 
continues, the brake beams are held apart by the 
friction sleeve on the sliding rod, and since the clevis 


Non-Automatie and Rotary Types of Slack Adjuster 


connecting the live lever with the brake beam is 
slotted, the live lever slides within this slot and 
shims that are contained in a box attached to the 
clevis drop behind the end of a short push rod at- 
tached to the lever and moving within the shim box. 
When the brakes are again applied, the clevis con- 
necting the brake beam to the live lever has been 
shortened by the total width of the shims that have 
dropped behind the end of the short push rod, and 
all clearance is taken out. A non-automatic slack 
adjuster has also appeared which makes use of 
shims in about the same manner. 


Very much the same principle is applied in the. 


case of another automatic slack adjuster that has 
recently been brought out except for the fact that, 
instead of shims that drop behind the end of a rod 
to shorten the brakeshoe travel, there is used a 
gripping device on the strut normally separating 
the bottom ends of the live and dead levers in the 
truck brake rigging. This, as well as the foregoing 
devices, are representative of the type of slack ad- 
juster that may be classed as reciprocating as op- 
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Automatic Shim-Type Slack Adjuster for 
Outside-Hung Brakes 


posed to that which makes use of a screw to at- 
tain the same end. Among the latter, one of the 
most recent forms makes use of a screw and sleeve 
that takes the place of the usual turnbuckle con- 
necting the lower end of the live and dead levers. 
At one end of this screw device, there is a simpli- 
fied friction clutch that is given a motion backward 
and forward by a bell crank attached to the brake 
lever whenever the brakes are applied or released, 
provided that there is excessive motion at the brake- 
shoes. Although the clutch moves backward and 
forward, it is bound to slip when the brakes are 
applied because of the heavy compression then ex- 
erted on the screw. But when the brakes are re- 
leased the clutch is sufficiently strong to turn the 
rod, screwing it a short way out of the clevis at 
the opposite end. 

Another slack adjuster of the rotating type 
makes use of air from a port uncovered by exces- 
sive air-brake piston travel to operate a simple 
ratchet, which in turn rotates a screw and changes 
the position of the cylinder lever fulcrum. The 
movement is effected by air pressure working 
against a strong spring, and the latter turns the 
ratchet only after the brake is released, giving a 
movement of about 1/30 in. at each operation. 


COUPLING DEVICES 


The most important recent development in coupler 
design, whereby provision is made for automatic 
coupling of connections between cars, includes con- 
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nections in the coupler heads for two air-brake 
lines and for any number of control wires as well. 
All of these connections, of course, are made in- 
stantaneously by contact of the two couplers and 
without necessity for attention by trainmen. Even 
the operation of uncoupling may be made by air 
from within the motorman’s cab. 

In electric railway service, such automatic con- 
nectors have been installed only with couplers of 
the tight-locking type which do not couple with 
those of the M. C. B. design having vertically 
hinged knuckles. In consequence, the use of auto- 
matic air connectors has found its greatest field 
for rapid transit service, for city cars that are op- 
erated with trailers, and for cars on interurban 
lines where interchange of traffic is not considered 
as a possibility. However, it may be said that, by 
using a connecting device separate from the coupler 
and flexibly hung below it, automatic coupling of 
air hose and control wires may be accomplished, 
and such devices are to-day in use to some extent 
with steam railroad passenger equipments. 

Two types of tight-locking couplers are especially 
prominent at the present time for electric railway 
equipment. Both have the distinguishing feature 
of the type in general which consists in free radial 
movement in a horizontal plane together with pro- 
vision to permit several inches of relative move- 
ment vertically between the ends of the two coupled 
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Tight-Lock Type Coupler with Air Connections on 
uburban Car 
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M. C. B. Coupler with Deep-Face Knuckle 


cars. In general, the operation of coupling is ef- 
fected by the action of a wedge or hook against 
which a lock is forced transversely, and as a result 
all lost motion is taken up and no opportunity ex- 
ists for the two coupler faces to work transversely 
upon one another. The air connections are made 
by lining up openings in the faces of the couplers 
that are fitted with rubber gaskets, leakage being 
prevented by the pressure with which the gaskets 
are held together. Electrical connections have only 
recently been installed regularly as a part of auto- 
matic couplers, but they have otherwise been added 
to the plain air-connector equipment both by using 
a short, hand-inserted cable between the two 
couplers and by attaching a block containing jumper 
points and receptacles along each side of the coupler 
face. 

In general, the tight-lock type of coupler appears 
to be much more popular in electric railway service 
than the M. C. B.. type because of its simplicity, 
lightness and convenience. However, where there 
is an exchange of traffic with steam roads or where 
such an exchange may be a future possibility, the 
M. C. B. type with a knuckle operating in a verti- 
cal plane is absolutely necessary. In such cases, 
however, a different arrangement of draft rigging 
to that which has become standard on steam rail- 
roads has had to be adopted on account of the 
sharp curves and sudden changes of grade com- 
mon on many electric railway lines. This arrange- 
ment provides for free radial motion from the 
drawbar anchorage which is several feet back of 
the coupler face, and it is not uncommon for the 
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couplers to swing through arcs approximating 80 
deg. from the center line of the car as trains pass 
over curves. To provide for vertical curves or sud- 
den changes in the vertical alignment of the rail, 
two plans have come into general use. One of these 
makes provision for anchoring the coupler shank at 
some little distance below the bottom of the bumper 
framing and supporting the outer end in a spring 
carrier that permits vertical movement as well as 
horizontal radiation. As an alternative to this ap- 
pears the plan of holding the coupler shank per- 
manently in a horizontal plane and extending the 
knuckle vertically so that ample vertical motion is 
provided for without danger of the couplers becom- 
ing separated, and following out this idea several 
interurban railways have adopted knuckles that are 
13 in. deep. 


SANDERS, FENDERS AND WHEEL GUARDS 


The track sander is another item of car equip- 
ment in whose recent development appears the in- 
fluence of the presence of compressed air upon the 
car, pneumatic sanding devices having come inta 
use to a considerable extent within recent years 
although, of course, they by no means dominate 
the field. In general, their popularity depends upon 
their ability to throw sand under the wheels where 
it is needed as well as their elimination of sand 
valves whose moving parts are frequently a source 
of trouble. Nevertheless the moving gate of the 
gravity-operated sand box has one very definite 
advantage in that it simplifies the introduction of 
agitation to break up caked sand when the gate is 
opened, a comparatively recent development carry- 
ing the principle of sand agitation to the logical 
extreme of having a rotary sand drum with a pick- 
up arrangement like an inverted water wheel at 
one end. This delivers a definite quantity of sand 
to the discharge pipe whenever it is rotated by pres- 
sure on a pedal in the vestibule floor. 

Popular types of sanding equipment that have 
been more or less recently developed include a 
vacuum sander that differs from the common com- 
pressed air form in that it is designed to draw the 
sand from the supply receptacle by means of the 
vacuum created by the expansion of compressed air 
discharged from a nozzle at the outlet chamber. 
Since the sand is not moved directly by contact with 
the air jet there is avoided the possibility of intro- 
duction of moisture from the compressed air into 
the sand. Instead, dry air is drawn from the inside 
of the car body through the sand and this assists 
in keeping the sand dry. The feature of another 
pneumatic sanding device is the use of a valve so 
located that it becomes possible for the motorman 
to apply sand at any time without removing his 
hand from the brake-valve handle, beneath which 
the sander-valve handle is mounted. 
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The attachment of sander pipes to the truck 
frame in such a position that they will deliver sand 
to the rail even on curves has become common. A 
recently developed device along these lines has been 
brought out in the form of a telescoping spout of 
steel tubing, this being fastened at the upper end 
to the body of the car. The lower end which in- 
cludes a short length of flexible steel tube is at- 
tached to the truck, so that the discharge nozzle re- 
tains a position directly in front of the wheel re- 
gardless of its position relative to the car body. 

Either fenders or wheel guards in some form are 
included as a part of the safety equipment for al- 
most all modern city cars, especially in the larger 
communities. For interurban service, however, the 
slow speed at which runs through city streets are 
made, as well as the danger of hanging such equip- 
ment at the front end when speeds are high, prac- 
tically prevents its use, and the pilot, as a rule, is 
the only device of the kind that is found on high- 
speed cars except in isolated cases. 

For city service there is a division of opinion as 
to the relative merits of fenders and wheel guards. 
Of a number of representative cities in the United 
States and Canada, four have fenders only, four 
have both fenders and wheel guards, and five have 
wheel guards only, including three which recently 
replaced fenders with wheel guards. In European 
cities the question of equipping street cars with 
safety devices has apparently been satisfactorily 
solved by the abandonment of the protruding fender 
and the general adoption of automatic wheel guards. 
In this country, however, the situation is compli- 
cated by the irregular and uneven surfaces of high- 
ways, accumulations of snow and ice for extended 
periods of time, and climatic changes which fre- 
quently result in the upheaval of paving blocks. 
This handicaps the wheel guard which, in addition, 
does not protect against impact with the bumper, 
and yet extensions beyond the car end like the 
fender may even introduce an element of danger. 

At the present time an almost infinite variety 
of devices are being installed in new cars. How- 
ever,’ a clear majority appears in favor of the type 
of wheel guard that is operated automatically by 
a simple trip actuated by a vertical apron hung 
under the dash, a backward movement of the 
apron causing the wheel guard to drop upon the 
rail, while resetting is provided for by a crank 
connected to a pedal extending through the vestibule 
floor. Next in popularity to this type of appara- 
tus, as shown by the record of recent construction, 
comes the home-made fender which appears in 
various forms, although it generally involves the 
simplest kind of construction wherein there is only 
an extending apron supported. by light chains ex- 
tending back to the dash and without means for 
automatic operation. 


Modern Railway Motor Design and 
Methods of Construction 


The use of interpoles and ventilation, which appear in practically all recent designs for railway motors, 
has made practicable the reduction in dimensions characteristic of modern low-floor car equipments, and 


has decreased modern motor weights by about 30 per cent. 


Field control motors also have come into 


service to a considerable extent and have effected appreciable economies in energy consumption, while im- 
proved insulation now permits hotter working and has thus materially increased nominal ratings. 


HE development of the modern railway 

motor has, perhaps, extended over a greater 

period of time than that which has obtained 
in the case of the other features of modern electric 
railway car equipment. However, the improvements 
that have become common in recent designs have 
been so marked that in some instances they have 
actually brought about the displacement of pro- 
pulsion equipment which has been in perfectly 
operable condition aside from a lack of the high 
efficiency attained by the modern apparatus. Re- 
cent motors have been very generally provided 
with interpoles and ventilation and in some cases 
with field control, and these improvements in turn 
have permitted the compact lightweight construc- 
tion essential to the modern, low-floor car designs. 
As an aid to this there have been important but 
less spectacular improvements in details, and, in 


addition, experience has brought about many minor 
changes in construction and insulation which have 
exercised an important influence on durability and 
reliability of operation. 


INTERPOLE MOTORS 


Of the various improvements which have marked 
the progress of railway motor design, the inter- 
pole, or commutating pole, introduced about 1907, 
is probably the most important. Certainly no other 
improvement has ever led to such far-reaching re- 
sults. A't the time of the introduction of the inter- 
pole motor the straight series motor had practi- 
cally reached a standstill in so far as development 
was concerned, and, with the increased demands 
of service, the limitations of existing motive 
power were beginning to be felt. The new type of 
motor offered so many advantages over the older 
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one that, particularly during the last five years, 
there has been a marked increase in its use, all of 
the newer designs being of the interpole type, while 
some operating companies have even built inter- 
poles into their old motors. 

The principle of the interpole is based on the 
fact that in any dynamo machine of the commuta- 
tor type, the current in a coil undergoing commu- 
tation must not only be brought to zero value, but 
must also be reversed and brought up to full value 
in the opposite direction. If this is not done the 
tip of the brush as it leaves the commutator seg- 
ment to which the coil is attached will be carry- 
ing current, and because of the interruption. of 
this current, will cause a tiny are. Briefly stated, 
it is the.function of the interpole to provide means 
for reversing the coil current and building it up 
in the opposite direction, and thus to eliminate 
sparking at the brushes. 

The interpole, which is a small pole placed be- 
tween the main or exciting poles of a motor, is 
usually constructed of a solid piece of soft steel 
wound with a few turns of wire in series with the 
armature. If the strength of the interpole field was 
always directly proportional to the armature cur- 
rent, sparkless commutation could be expected for 
all loads, provided the motor ran at constant speed. 
But inter-pole field strength is not directly propor- 
tional for all loads, and further, the speed of a rail- 
way motor varies between wide limits; yet, even 
with these limitations, currents of from two to three 
times the rating may be commutated sparklessly. 

Interpoles make possible a reduction in the air 
gap, with a consequent reduction in the weight 
of the whole motor, and raise the limiting volt- 
age between segments to a considerably higher 


value, thus making possible the design of motors 


for operation on higher voltages. Further, the in- 
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ductance of the interpole windings tends to reduce 
the number of flash-overs by limiting the flow of 
surge currents. 

Besides the partial removal of the important de- 
sign limitations just noted, the practical elimina- 
tion of sparking has resulted in many operating 
advantages. The short-time ratings of motors have 
been materially raised, thus permitting the use of 
higher rates of acceleration. More rapid accelera- 
tion in turn results in decreased energy consump- 
tion and in many cases in decreased motor heating. 
Commutator maintenance costs are also decreased, 
as reflected by the fact that the sale of replacement 
commutators by manufacturers has _ practically 
ceased since the general introduction of interpole 
motors. In addition, brush life has been increased 
about 50 per cent on the average as the result of 
the decreased flashing and sparking, and the ac- 
companying decrease in commutator losses has re- 
duced motor heating to some extent. 

Briefly summarized, the introduction of the inter- 
pole has made available to railway operators a 
lighter, cheaper, more reliable type of motor. At 
the same time, the partial removal of important 
limitations in design has made possible the de- 
velopment of successful new types of high-speed, 
high-voltage and field-control motors. 

Control of motor speed by varying the strength 
of the motor fields was practised on some of the 
earliest railway motors but was discarded because 
of the poor commutation secured when a motor 


SEPTEMBER 30, 1916 | 


was running with weakened field. Its reintroduc- 
tion in connection with motors for street railway 
service about five years ago was largely due to the 
fact that the interpole had practically solved the 
commutation problem, although, of course, the gen- 
eral progress in the art of motor design and the 
better understanding of the principles of motor ap- 
plication had something to do with this. 


FIELD-CONTROL MOTORS 


Field control motors had been successfully used 
for locomotives prior to 1911, but it was not 
until that date that they were given a thorough 
try-out on electric railway cars, and that their ap- 
plication to this service has been a successful one 
is to be inferred from the fact that some fifty 
operating companies now have in operation motors 
of this type with an aggregate rating of nearly 
850,000 hp. In 
general, the adop- 
tion of field con- 
trol adds to the 
first cost of mo- 
tor equipments, 
but this appears 
to be offset by the 
numerous conse- 
quent advantages. 

On some equip- 
ments the connec- 
tions are so ar- 
ranged that the 
use of the weak 
field is possible 
only when the 
motors are con- 
nected in parallel. 
There is, how- 
ever, an increas-| 


ing tendency to use field control on both the series. 


and parallel connections of the motors, and when 
this is done there is considerable flexibility in the 
matter of motor speed, because four economical 
controller settings are possible. The change from 
full field to short field ordinarily secures a speed 
increase of from 10 per cent to 30 per cent, depend- 
ing upon the design of the motor. 

Speed and tractive effort curves of a field-control 
motor are here given for both the full field and the 
normal field conditions, and from these it will be 
noted that the full-field characteristics indicate 
high tractive effort and low speed as compared 
with the normal field characteristics. Equipping 
a car with field-control motors, therefore, provides 
the car with means of accelerating rapidly, and 
with a minimum amount of loss in the starting 
rheostats, as well as with means for maintaining a 
high-running speed. 
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In interurban work the speed flexibility of the 
field-control motor is of value because it permits 
the use of the same equipment for both local and 
limited work. Also, because of the low speed that 
can be secured with the motors in series on the 
full field connection, more economical operation on 
city streets is possible. Further, the starting cur- 
rent peaks are usually from 10 per cent to 20 per 
cent lower than those produced by non-field-control 
equipment, and, as these peaks usually decide the 
substation capacities on an interurban road, this 
advantage is one of importance. 


MOTOR VENTILATION 


During the past five years special attention has 
been paid by designers of electrical machinery in 
general to the subject of ventilation and the flow 
of heat through the materials used in the construc- 
tion of such appa- 
ratus. In _ fact, 
next to the inter- 
pole, the introduc- 
tion of modern 
ventilating meth- 
ods has consti- 
tuted the most 
important step in 


advance in the 
art of railway 
motor design 


made during the 
last decade. 

Modern motors 
are being venti- 
lated either by the 
forced ventilation 
or by the self-ven- 
tilation system. 
With forced 
ventilation, air from an auxiliary fan is blown 
through the air passages of the motors, the flow 
of air being independent of the motor speed and 
susceptible of some adjustment, and by sufficiently 
increasing the flow of air overloads can be carried 
for a considerable period of time, the increase in 
continuous motor rating ranging from 50 per cent 
to 250 per cent. Forced ventilation is the most 
effective of all methods of motor cooling, but the 
auxiliary apparatus that is required limits its use 
to locomotives and to extremely heavy cars. Self- 
ventilation is, therefore, the system that is of major 
interest in connection with motors for ordinary elec- 
tric railway service. 

A number of different forms of self-ventilated 
motors have been developed. In the armature- 
ventilated type, external air is circulated through 
the armature only, the air entering the casing 
through inlet openings at the commutator end and 
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passing in turn through longitudinal ducts in the 
commutator and armature, the fan and the exit 
opening at the pinion end. In the field-ventilated 
type the air is passed over the outside of the arma- 
ture along the air gap and through the spaces be- 
tween the field coils. Obviously the best results can- 
not be obtained by the use of either of these 
methods, but they increase the continuous rating 
of the motor from 10 per cent to 35 per cent over 
the unventilated rating. 

With the more recent series-ventilated fan-type 
motor an effort has been made to force cooling air 
into intimate contact with all of the heated parts. 
In this type outside air is circulated in succession 
through the inter-field spaces, the armature coils 
and the commutator, a suitable inlet being pro- 
vided on top of the motor at the pinion end and 
an outlet at the side or bottom of the casing at the 
same end. In order that the air striking the wind- 
ings may be as dry and clean as possible under the 
conditions set by operation, some of the more re- 
cent motors using series ventilation have the direc- 
tion of air flow reversed from that just described, 
the outside air coming in contact with the longi- 
tudinal ducts in the commutator and armature 
before it strikes the windings.. The increase in 
motor rating with this system of ventilation is 
from 25 per cent to 35 per cent in sizes up to 55 kw. 
and from 35 per cent to 80 per cent in larger 
sizes. 

The parallel-ventilated type is another recent 
introduction. Motors using this type of ventila- 
tion are provided with a double fan mounted on 
the pinion end of the armature shaft. Air is 
drawn in through ducts at the commutator end, 
passes in two parallel streams, one through the 
inter-field spaces and the other through the arma- 
ture and then through the fan and carefully designed 
passages in the motor casing to the outside. This 
is a very effective method of ventilation, the in- 
crease in continuous rating ranging from 30 per 
cent to 70 per cent for the smaller motor size and 
from 40 per cent to 100 per cent for the larger sizes. 
However, the system requires a large fan, and in 
cases where space limits the fan diameter the ven- 
tilation is apt to be ineffective. 

In the compound type of ventilation external air 
is circulated by a double fan along two routes, one 
similar to that followed by the air in the straight 
series-ventilated type and the other similar to that 
in the field-ventilated type. This plan seems to 
combine to a certain extent the advantages of both 
the series and parallel schemes and eliminates some 
of their disadvantages, giving about the same in- 
crease in continuous rating as the parallel system 
of ventilation. 

Ventilation does not greatly affect the short- 
time rating of a motor, because such ratings are 
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more affected by the heat-absorbing ability of the 
motor than by its heat-radiating ability. The most 
important advantage of ventilation comes in its 
increase of continuous rating, or, to put it in an- 
other way, the reduction of motor size required to 
handle a given service. 

Since the amount of air circulated in a self- 
ventilated motor depends upon the speed of the fan, 
it is evident that in a service where low motor 
speeds (not necessarily low car speeds) are in- 
volved, no great weight reduction can be gained by 
the use of a self-ventilated motor. Obviously, the 
best results with any self-ventilated motor can be 
gained in a high-speed service involving few stops. 
This does not mean that the use of ventilated 
motors for city service is not accompanied by a 
reduction in weight of equipment, but it does mean 
that if a material reduction in weight is to be se- 
cured the matter of gear ratio must receive care- 
ful attention. The point is that it is motor speed 
and not car speed which affects the efficacy of the 
fan. In this connection, the influence of abnormal 
voltage is of interest. In continuous service, motor 
operation on reduced voltage means a low fan 
speed, and, therefore, poor ventilation. On the 
other hand, voltages above normal result in a high- 
fan speed so that a ventilated motor may run cooler 
than on its rated voltage. Whether or not it will 
do so depends, of course, upon the relative impor- 
tance of the copper and iron losses of the motor. 

In actual service, even an inclosed motor re- 
ceives considerable benefit from the movement of 
the car through the air, and hence the advantages 
gained by the use of ventilated motors are not as 
marked as might be expected from a comparison 
of the increased motor ratings as mentioned above. 
Also, it is worth while to note, that because of its 
lighter weight the ventilated motor may have a 
lower thermal capacity, and therefore a lower 
short-time overload capacity than the non-venti- 
lated motor. 

One would naturally expect that dust and weather 
conditions would seriously affect the operation of 
the ventilated type of motor. But experience has 
shown that dust does not accumulate in the air 
passages to the extent that it was expected to, and 
that if the passages are blown out occasionally with 
compressed air no serious reduction of motor capa- 
city will occur. It is important, however, that the 
motor receive some such attention occasionally. As 
far as moisture is concerned, it seems that venti- 
lated motors are fully as reliable as non-ventilated 
motors. A consensus of the opinions of those who 
have had considerable experience in the operation 
of ventilated motors seems to be that, in most 
services, ventilation results in a perceptible de- 
crease in weight, a decrease in cost amounting, 
in some instances, to 25 per cent, a more uni- 
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form temperature throughout the motor, a lower 
maintenance cost due to the elimination of hot 
spots, and a decrease in the tendency to spark or 
flash over because of the removal of the copper 
and carbon dust and of the hot metallic vapors 
produced by sparking and incipient flashes. 


Motor DETAILS 


Although improvements in construction details 
have not been quite so widely heralded as some of 
the important innovations already described, many 
such changes have been made within the last few 
years. Designers have attempted to utilize the 
materials of motor construction to better advan- 
tage and to develop a “foolproof” and highly re- 
liable type of motor. 

In the matter of motor frames, there has been 
an increasing tendency toward the use of the box 
construction. In fact, reports of motor sales seem to 
indicate that approximately 80 per cent of the 
motors sold during the last few years are of this 
type. One of the objections which has often been 
urged against this form of construction is that, 
in order to change an armature, particularly one of 
the larger sizes, it is necessary to remove the 
truck from under the car. Thus, the operation 
requires more time and more elaborate equipment 
than would be required to effect a similar change 
in a split-frame motor. In the opinion of some 
operating men, however, this is not an objection- 
able feature since the removal of the truck en- 
ables the men to work to better advantage and at 
the same time brings to light any truck and wir- 
ing defects. Further, with the development of new 
shop methods, it is found that repairs on box-type 
motors can be executed just as rapidly as on motors 
of the split-frame type. 

The advantages usually given for the box frame 
as compared with the split frame are the greater 
output for a given weight and space, the greater 
structural strength and durability, a better sup- 
port for the gear case, an unbroken magnetic cir- 
cuit, more space for the passage of cooling air 
around the field coils and the elimination of ex- 
posed field coil connections. 

As far as fundamental principles are concerned 
no marked improvements in devices for lubricating 
motor bearings have been made since the introduc- 
tion of the oil-lubricated bearings nearly fifteen 
years ago. Until recently it was the practice to 
operate street railway motors with no protection for 
the ends of the motor shaft bearings and the axles. 
Thus dirt entering the bearings formed a grinding 
compound which naturally increased bearing wear. 
Now, however, caps are provided for the ends of 
motor shafts, and a sleeve extending between the 
inner ends of the two axle bearings is used to pro- 
tect the axle from dirt. The results obtained from 
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the use of the axle sleeve have been so favorable that 
many operating companies are equipping their old 
motors with sleeves as fast as the motors come into 
the shop for repairs. 

Experience with the operation of the older types 
of motors has indicated that electrical troubles are 
often caused by mechanical defects. For instance, 
armature insulation not infrequently has broken 
down as a result of abrasion caused by the relative 
movement of windings and core. In the newer 
motors vibration of the individual core disks is 
eliminated by assembling them under hydraulic 
pressure either on the armature shaft itself or on a 
spider which in turn is pressed onto the shaft. 
Also, the construction is such as to permit the 
removal of the shaft without deranging the wind- 
ings in any way. In order to insure that the arma- 
ture coils are permanently tight in the slots it is 
now common practice to band the armatures while 
they are hot. 

The bolted construction is still the only safe 
method of holding large commutators together, but 
the methods of manufacturing mica V-rings and of 
ageing commutators under heat have improved to 
such an extent that the ring-nut construction for 
small and medium size armatures is considered as 
safe as the bolted construction. The practice of 
undercutting the mica between segments which has 
been followed for the last few years has materially 
lessened commutator troubles and has greatly in- 
creased the reliability of the motor. Experience 
has shown that, where good brushes are used, it is 
not necessary to undercut the mica to the extent 
that was formerly considered essential. 

Apparently the progress in brush manufacture 
has kept pace with that in the other details of 
motor manufacture, as the average modern brush 
is vastly superior to the average brush of ten years 
ago, especially in uniformity of composition. Small 
irregularities in the commutator should not cause 
chattering of the brushes. In order to prevent it 
the masses that are moved up and down with the 
brush must be kept small. This fact has been 
given careful consideration in the design of modern 
brush-holders, and further to minimize vibration 
a frictionless vibration spring is usually included 
between the brush rigging and the hammer which 
holds the brush in position. This permits the brush 
to move slightly without moving the rigging. In 
general, modern brush-holders have been marked 
by simplicity in design and ruggedness of construc- 
tion. 

Recent improvements in methods and materials 
for coil insulation have been truly remarkable. For- 
merly the heat limits of a motor were determined 
absolutely by the ability of the cotton insulation to 
withstand heat. Now the limit seems to be either 
that of the dielectric strength of the insulation itself 
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or that of the melting point of the solder which is 
used to attach the coil leads to the commutator. 
The use of asbestos tape, mica and the various fire- 
proof, heatproof and moistureproof compounds used 
in impregnating cotton insulation and in mummi- 
fying the coils has made the modern armature as 
durable at 100 deg. Cent. as its predecessor was at 
55 deg. Cent. The mummifying process, by elimi- 
nating air pockets, has materially increased the 
heat-conducting power of insulation. In addition, 
the use of modern insulations and strap or bar wind- 
ings has improved the space factor of the armature 
slots and increased the output for a given size of 
armature, while the introduction of U-shaped pieces 
of slot insulation has cut down the number of coil 
break-downs. Mummified strap-wound field coils 
are being used almost universally. The insulation 
between the various coil layers is usually of mica 
disks. In bringing out the field coil connections it 
is considered good practice to attach the connect- 
ing cables permanently to a strap inside of the coil 
with a well-soldered joint and to connect the out- 
side cables together with a rugged joint of the 
sleeve type. 


MoTor CAPACITY FOR RAILWAY CARS 


With regard to railway motors in general it may 
be said that the experiences and studies of earlier 
years have given engineers a better understanding 
of the principles of motor application and of the 
qualities of materials, and consequently a more 
accurate predetermination of the equipment suit- 
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able for given service is now possible than was for- 
merly the case. In the latest standards of the 
American Institute of Electrical Engineers the con- 
tinuous rating for railway motors is required to be 
specified in addition to the older one-hour rating, 
the modern ratings being expressed in kilowatts 
instead of horsepower. 

That there is still room for improvement in some 
of the methods of selecting motors now in use, how- 
ever, seems to be evident from the accompanying 
Table VII. In this a number of modern cars have 
been grouped into seyeral classes on the basis of 
the nature of service. A study of the figures in the 
column headed “Kw. per Ton’ indicates that there 
is a considerable variation in this factor among the 
various companies. Differences in schedule speed, 
number of stops per mile, grade and other local 
conditions will account for part of the variations, 
but it hardly seems that all of the differences can 
be covered by these factors. 


RECENT MOTOR TYPES 


Among the recent interesting designs may be 
mentioned those which have been developed for the 
popular low-floor type of car in which severe space 
limitations are set by the small wheels. Data cov- 
ering the motor which was originally built for the 
Pittsburgh low-floor car, and which has been used 
widely in other cars of similar design, are shown 
in Table VIII, and a comparison of its main dimen- 
sions with that of an old-style, non-ventilated, non- 
interpole motor of the same one-hour rating is in- 
cluded. It will be noted that the new motor is 
270 lb., or 13.5 per cent, lighter than the old one. 
The comparison is made on the basis of the same 
one-hour rating, and as the new motor is well venti- 
lated its service capacity is much greater than that 
of the old motor. A comparison of weight based 
on service capacity, therefore, would show up much 
better for the new motor. 

The recent demand for small ultra-lightweight 
cars has brought with it a demand for a very small 
motor. As a result, motors with ratings as low as 
13.1 kw. (17% hp.) are now on the market. Stand- 
ard automobile motors are used on some very light 
cars. 


Repulsion-Type A. C. Motor for, Heavy Service 
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Of late the range of voltages for which direct- 
current motors can be constructed has been greatly 
increased. For new interurban roads, voltages 
ranging from 1200 to 2400 are being adopted, and 
on an experimental road a contact line pressure of 
5000 volts is being tried out. Of course, these high 
contact-line pressures involve motor designs using 
as much as 1250 volts across a single commutator. 
The motors for the 5000-volt line are of special 
interest in that their construction makes use of the 
twin armature idea. This eliminates the difficulty 
of wheel slipping involved when armatures on differ- 
ent axles are connected in series to cut down the 
voltage across each one. 

In the field of alternating-current railway motors 
the only important innovation has been that made 
by the Pennsylvania Railroad in its recent electrifi- 
cation of some of the suburban lines in Philadel- 
phia. This motor is of the so-called repulsion type 
and has a one-hour rating of 225 hp. and a continu- 
ous rating of 200 hp. when ventilated with 1200 cu. 
ft. of air per minute. In this case the repulsion 
scheme, as originally developed by Prof. Elihu 
Thomson is modified by the addition of a series 
connection of the armature and field windings. 
These windings are, therefore, both “conductively” 
and “inductively” connected. To the extent that 
current is induced in the short-circuit armature 
because of the transformer effect of the auxiliary 
winding it is a repulsion motor. On account of 
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Car Num- | Kilo- 
Name or location of weight | ber of | watts | Kw. 
Kind of car road tons mo- per per 
(empty) | tors car ton 
Modern — ultra-light 
weight cars....... Puget Sound Type Car. 5 2 27.0 | 5.4 
Tucson, Ariz... .. 5.5 4 21.0 | 3.8 
Corpus Christi, Tex. 7 2 26.3 | 3.7 
Albuquerque, N.M 5.9 2 26.3 | 4.4 
New York Rys.?. . 6.1 2 12.0 | 1.9 
Average (first four). 4.3 
Modern single truck 
CALS A etcleescar ak Union: RV. Ne Masenteecie ers 12 2 64.5 | 5.3 
BNL OL Meee. scineresiniry sve 13 2 60.0 | 4.6 
Albany, (Na Sines sceactense 11 9) 60.0 | 5.4 
Marshall, Tex... 00 2s.....-4 11.9 2 75.0 | 6.3 
FAV ORAGOY spate chet tvs: 5.4 
Light-weight, double- 
truck cars for city 
Services. soa Wilmington & Eblledsiphie. oo] 15.2 4 75.0 | 4.9 
ao Buffalo-Erie....... visi ond) 2 52.5 | 3.3 
a) Rochester. Sig icin siitc few es oe 15.9 2 52.5 | 3.3 
z Mes Moines. os eeoes ose 16.5 4 105.0 | 6.3 
San Franciseo..i. 65. 06..5 17.1 4 105.0 | 6.1 
New Orleans............... 17.8 2 97.5 | 5.5 
(ChigdgoAS er utietaceies see Lek 2 90.0 | 5.1 
Pittsburghico.) came econo. 17.8 4 105.0 | 5.9 
INGw Mork i o0.s2 stn ncteoee 18.0 2 75.0 | 4.2 
Average Suva elses aietece-ors 5.0 
Interurban cars..... KC. 0,0. & Sted. ne 40.5 4 375 9.3 
ND! Covotld®ee ccc. 42.8 4 330 7.7 
Chie Mal vee wseeteatedi 44.6 4 420 9.4 
|\Cleve. & Hast.............. 29.7 4 195 6.5 
\Cleve. & Erie.......:.-.... 28.1 4 150 5.3 
Tol., Fost. & Findlay........ 34.0 4 225 6.6 
Annap. Short Line.......... 40.1 4 225 5.6 
Wiash..q Valeracerviat eer 29.0 4 150 5.2 
AVEXACCM: innate aie oss 7.0 
Rapid transit cars... /Chi. Hlev..-..............5 35.2 2} 240 6.8 
< Nou Bunion Menanetrcnetos pete 42.5 2 240 5.6 
Boston Hlev.....-......... 42.9 2 300 7.0 
InterboroR: T... 5.2 22..0.5 38.9 2 300 ov 
SANONA OM Cie acre hecccaek 6.8 


1Automobile motors. 
°Storage battery car. 
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Horsepower - One-hour Rating 
Weight Comparison of Old and New Railway Motors 
the low resistance of the armature short-circuit, the 
induced current during the starting period has a 
high value. It may be well to state here, however, 
that these motors are still in the process of de- 
velopment, and must still stand the test of hard 
service over an extended period of time. 

To show the general advance that has been made 
in the way of weight reduction in direct-current 
motor design the accompanying curves have been 
plotted. The points through which the curves were 
drawn were, of course, more or less scattered, but it 
is believed that the curves represent a fair average. 
The cycle through which small motor sizes has 
passed is indicated by the locations of the left-hand 
termini of the curves. The average weight of a 
modern 37144-kw. (50 hp.) motor is about 2300 lb. 
Using it as a.basis of comparison the average 
interpole motor of the same horsepower rating in 
1910 was 21 per cent heavier and the average non- 
interpole motor of 1900 was 32 per cent heavier. 

Briefly summarized, as a result of recent progress 
the limits set by commutation, motor heating, speed 
and voltage, which fix motor capacity, have been 
greatly extended: The weight of a motor for a 
given service has on the average been reduced in 
the neighborhood of 30 per cent. The reliability 
of the motor has been increased, as published re- 
ports indicate that for modern motors the inspec- 
tion cost is from 50 to 75 per cent and the main- 
tenance cost 25 per cent of that of the old types. 
Thus the economies obtained with modern type 
motors are sufficient, in some services, to justify 
the replacement of many old motors which are still 
in good operating condition. 


TapLe —Vvul Comparison or Low- FLoor AND p OL- STYLp Motors 


Motor ats acs Sat cares tine esis lata Low Floor Type Old-Style Standard 
Rating 
BOO Voltas itn ytenieie dares, 35 hp. 35) bp: 
BO OSviolts vais trac mies aurea 30 hp. 30 hp. 
Clearance, underneath: : 
SOS a Wheels Meee eats eee eae = 434 in 
D4a-ins wheels oii cpryeae vem el oe Oya Mcgee fi) > eae once ccreptels 
Speed (500 v. 58 amperes)........... 605 r.p.m 610 r.p.m 
Diameter of armature............... 101% in. 1114 in. 
Number of slots ic c5 ioe eccerin se : 7 
Turnsiper coil a.scs, seercae eens ete cae 3. 
Length of commutator............... _ 234 in. 3 in. 
Thiokness:of-shell.dicn, oeartrteany ies ye in.-1} in. Ma in.-114 in 
Diameter of armature shaft.......... 234 in. 234 in. 
Weight with gears and case.......... 1750 lb. 2020 Ib. 
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One of the Five Double-Deck Cars Operated by the Pittsburgh Railways in Service Where Heavy Traffic 
Is Handled from a Few Loading Points 
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Busy Interurban Terminal of K. C., C. C. & St. J. Ry. in Difficulties of Traffic Movement in the Loop District of the 
Kansas City City of Chicago 


In Cleveland the Adoption of the Skip-Stop Plan of Operation Has Permitted the Use of the Trail Car 
Without Reducing Schedule Speed 
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Control Systems and Wiring | 
for Railway Motors | 


Developments in control for recent high-speed cars have been largely simplification of the indirectly-con- 
trolled unit-switch apparatus. For city service this system has proved less desirable than the directly-op- 
erated platform controller, which, however, is now frequently modified by combination with a contactor || 
to break main circuits beneath the car floor, and to permit door and control interlocking. Another re- 
cent innovation in control for four-motor equipments practically eliminates the rheostat and its losses. 


ONTROL systems for modern electric rail- 

way cars may be classified as direct and in- 

direct, this division being based on the 
method used in performing the switching. Both 
use the series-parallel method of adjusting the 
voltage, wherein the motors, or groups of motors, 
are arranged first in series and then in parallel, 
the “non-rheostat” system for four-motor equip- 
ments giving an intermediate step with the motors 
in two series groups. 

In order to effect the rearrangement of motors or 
the change from the series to the parallel connec- 
tions three schemes are in use, namely, the shunt- 
ing-out, the bridge and the open-circuit transition. 
The shunting-out method short-circuits one motor, 
or group of motors, while the controller handle is 
being moved from the last series position to the first 
parallel position on the controller. The decrease in 
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tractive effort which occurs when this is done tends 
to produce on unpleasant jerk during acceleration, 
particularly if the cars are heavy. At present this 
method is largely confined to control equipments, 
both direct and indirect, for small and medium size 
motors. The bridge system is now widely used with 
indirect control systems for large motors. Direct 
controllers equipped with the bridge transition have 
not proved very satisfactory because of the time 
element involved in making the various circuit con- 
nections. The connections in this system are such 
that all motors are working during the transition 
period, with the result that a fairly uniform trac- 
tive effort is maintained throughout the notching- 
up portion of the accelerating period. The open- 
circuit transition at one time was quite widely used 
in connection with direct control for large motors, 
but the development of the bridge transition and 
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|| the indirect systems of control has rendered it 
practically obsolete for the heavier classes of serv- 
| ice. It is still used, however, with some of the 
|| modified forms of direct control. 
| 


DIRECT CONTROL SYSTEMS 


il Of the direct control systems, the most familiar 
is that in which the Type-K controller is used. 
| Within recent years the most important develop- 
|| ments in connection with this controller have been 
| its adaptation for use with field-control motors and 
the many improvements in structural details. For 
the more recent designs, 600 volts, 750 volts and 
1300 volts are the standard voltage ratings. Those 
|| rated at 1300 volts were designed for use on inter- 
urban roads having a trolley voltage of 1200, but 
they have not proved very popular in interurban 
|| and all high-voltage services, the tendency being 
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Diagram Showing Connections for Modified Direct Control 


|| toward the use of indirect control. In the way of 
| structural details for the controller itself, many 
| improvements have been made. On modern Type- 
K controllers, an asbestos-lined wooden cover is 
used in place of the old asbestos-lined metal cover, 
thus eliminating the danger of an arc being drawn 
to the cover. Also the old terminal board, with its 
soldered joints which were always breaking loose, 
|| has been eliminated, and the cables are now con- 
|| nected directly to the finger bases by means of me- 
chanical clamps, and individual blow-outs have been 
provided for the contact fingers. In general, the 
|| tendency has been to simplify the construction 
|| and increase the accessibility to the various parts, 
| thus facilitating inspection and repairs. 

i Direct control was used five years ago on prac- 
| tically all city and suburban cars and on many of 
|| the lighter interurban and rapid transit cars. How- 
ever, in the heavier services this type of equipment 
|| was rendered objectionable because of the large 
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size of controller necessary to provide sufficient 
current-carrying capacity and to insure the safe 
breaking of circuits carrying heavy currents, and 
because of the necessity of running a number of 
heavy cables to each operating platform, the danger 
of passengers being frightened by the explosive 
sounds accompanying switching operations, the in- 
ability to operate cars in trains and the great 
weight of apparatus. Its use to-day is largely con- 
fined to city car equipments where the motors are 
of less than 50 hp.’ For these small equipments it 
is a reliable type of control, and because of its sim- 
plicity and low cost it is still popular. 

A modification of direct control, which was intro- 
duced several years ago, has recently come into 
rather wide use. For small motor equipments it 
combines a number of the advantages of both direct 
and indirect control. In this system remote-con- 
trolled circuit-breaking or contactor switches are 
mounted underneath the car to break the main 
power circuit. These switches are used in con- 
nection with a regular cylindrical controller, and 
they relieve the controller fingers of the heavy arc- 
ing and burning incident to the rupture of circuits 
carrying heavy currents. The controller is pro- 
vided with an auxiliary contact device on the main 
cylinder, which consists of two contact fingers 
operated by a pivoted arm that in turn is actuated 
by a cam on the controller drum. The action is 
such that when the drum is turned in the ‘on” 
direction the main circuit drum fingers close first 
and then the control fingers. The power circuit is 
thus closed by the contactor switches instead of by 
the main drum fingers. When the drum is turned 
in the opposite direction the sequence of operation 
is reversed. The same action may also be arranged 
to open the contactors in passing from series to 
parallel. It will be readily seen that this auxiliary 
equipment relieves the controller of all heavy duty 
and thereby greatly increases its reliability. Pro- 
vision may be made for a tripping mechanism 
which, in case of overload, operates the tripping 
switch and thus permits the contactors to open. 
The contactor switches, therefore, also perform 
the functions of the usual automatic overload cir- 
cuit-breaker. 

This type of control is not only more reliable 
than the standard direct control, but the use of 
remote-control switches in the main power cir- 
cuit makes possible the interlocking of the control 
system with door opening and closing and other 
safety devices. In fact, the latter advantage has 
been very largely the cause of its popularity. 

Indirect control was developed primarily to per- 
mit the operation of several. cars as a unit from 
the master controller of the leading car, and up to 
a few years ago its application was largely con- 
fined to rapid transit cars, suburban cars on elec- 
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trified steam lines and electric locomotives. But 
the success that it achieved in these applications, 
together with its many advantages where heavy 
motors are used and space limitations are severe, 
has led to its more general application. 


INDIRECT-CONTROL SYSTEMS 


Indirect control is now used altogether for rapid 
transit and other heavy services and quite widely 
in interurban service. In the latter case it is almost 
universal where the contact line carries more than 
600 volts. In city service it is being used to a 
limited extent, largely without the multiple unit 
feature, however, particularly in connection with 
some of the low-floor types of car, because of the 
ease with which the various control features may 
be segregated and mounted in limited spaces and 
the readiness with which safety features may be 
incorporated. 

By the addition of a current limiting relay, 
which opens a control circuit when the motor cur- 
rent exceeds a predetermined value, and suitable 
interlocking devices, either electrical or mechanical, 
automatic acceleration can be secured with any 
indirect-control system. With automatic accelera- 
tion the handle of the controller can be thrown 
to the full “on” position, but the “notching up” 
will proceed only as permitted by the limit relay. 
Automatic acceleration insures against abuse of 
the motors by the motorman, and if the control 
system is properly designed, tends to provide a 
fairly uniform rate of acceleration. It has long 
been used on elevated roads and in other rapid 
transit service, and in connection with some of 
the new light-weight, indirect-control designs it 
seems to be gaining in popularity for city sery- 
ice. 

The earlier indirect-control systems, designed as 
they were for heavy multiple-unit train or locomo- 
tive service, were not very satisfactory, even in 
their improved forms, for services which ordi- 
narily involved single car operation. They were 
too heavy, and besides, automatic acceleration was 
quite often a feature of these equipments. This 
was of importance where operating conditions were 
more or less uniform, but did not have so many 
advantages when applied to interurban service. 
There were the objections, also, of high cost and 
complexity, the latter being a serious objection on a 
road that operated only a few cars and could not 
afford highly-skilled repair shop men. . For these 
reasons, and because of the demand for a control 
system in which the controller manipulation was 
the same as with the Type K controller, simplified 
types of hand-operated indirect-control systems 
were developed, and during the last five years they 
have found wide application. 

Of these systems, the Westinghouse HL and 
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the General Electric MK are the best known. In 
both these systems the arrangement of control 
handles is similar to that of the Type K con- 
troller, and the energy for the auxiliary control 
circuit is taken through a resistance from the 
contact line. The main parts of these systems 
are the main circuit or motor controller and a 
master controller, the manipulation of which 
operates in proper sequence the switches of the 
motor controller. In both systems the switches 
are of the unit type and are mounted in a com- 
pact group. These switches are closed against 
powerful springs, in the HL system by electrically 
controlled compressed air cylinders, and in the 
MK system by powerful solenoids. The unit 


Master Controller for 
Repulsion Motors 


Modern Type K Controller 
for Direct Control 


switches are equipped with are chutes and mag- 
netic blowouts, and are capable of interrupting 
very heavy currents without severe burning. In- 
stead of the type of automatic overload circuit 
breaker used with direct control, an overload relay 
is used which either opens the control circuit and 
trips out all of the contactors, or unit switches, or 
else trips a remote-controlled line switch. 

These systems have given highly satisfactory 
service, and their range of application is now such 
as to cover many voltages and motor sizes. Of late 
the HL system has been still further simplified 
by reducing the number of groups and parts. In 
its light-weight form it is being applied to light- 
weight cars, and in the heavier-weight forms it is 
recommended by its manufacturer for general inter- 
urban car service. The MK system is now being 
superseded to a certain extent by a later type 
known as PC control. 
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Schematic Control Diagram for 5000-Volt D. C. Equipment 

Indirect control systems for use in connection 
with high-voltage, direct-current motors are es- 
sentially the same as those used with lower voltages. 
The main differences are in the greater amount of 
insulation, more powerful magnetic blowouts, in- 
creased creepage distances, and in the complica- 
tions sometimes necessary because the motors are 
required to operate at low voltage within cities. 
In the latter case, to insure the opening of the 
power circuit, two switches that are connected in 
series are generally used to make the interrup- 
tion. 

In connection with the control of alternating 
motors the only development of special interest is 
the control for the doubly-fed motor adopted by 
the Pennsylvania Railroad Company. This con- 
trol is an adaptation of the unit-switch system, 
and it is arranged for automatic acceleration.:The 
motors, which are connected in series, are started 
and operated up to approximately 15 m.p.h., as re- 
pulsion motors, with the auxiliary or compensating 
field, the armature and the main field in series. 
With these series connections the armature is also 
paralleled by a resistance. Resistance is inserted 
with the motors on the first step and is cut out 
on the second. The third step changes the con- 
nections so as to energize the auxiliary field from 
one portion of the transformer, and the armature 
and main field, connected in series from another 
portion, thus affording the doubly-fed connection. 
The armature short-circuit is removed when the 
motors are operating with the double feed. Sub- 
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sequent steps in the control are obtained by in- 
creasing the motor voltages. 


NEw CONTROL SYSTEMS 


The control system devised originally for the 


stepless center-entrance cars of the New York Rail- 
ways, which is known as the Westinghouse PK con- 
trol, is a simple, light-weight form designed for 
use in connection. with motors of small rating. It 
consists, in brief, of a drum motor controller 
equipped with a power-operated notching mech- 
anism. This notching mechanism consists of a 
pair of opposed air cylinders whose common piston 
rod carries a rack that engages with a pinion on 
the shaft of the motor-controller drum. Electri- 
cally controlled valves admit or discharge air from 
the cylinders in accordance with the manipula- 
tion of a master controller located on the car plat- 
form. The motor controller may be located on 
the platform underneath the car or in some other 
convenient place. A line switch or remote-con- 
trolled circuit breaker similar to that used in 
connection with modified direct control is used to 
break the main power circuit and relieve the con- 
trol fingers of serious arcing and burning. It also 
takes the place of the overhead circuit breaker. 

In appearance the master controller is a minia- 
ture platform controller. It is provided with a 
notch for each position of the motor controller in 
order to make manual acceleration possible, al- 
though a current limiting relay of standard type 
is provided on most equipments and the circuits are 
so arranged that automatic acceleration will occur 
in case the controller is moved more than one 
notch at a time. The latest form of power-oper- 
ated head can be readily applied to any Type K con- 
troller. Energy for the control circuits may be ob- 
tained either from the contact line or a storage 
battery carried on the car. 

A later control system brought out under the 
trade designation of Type 214 control is a com- 
bination of the principles involved in the PK and 
the older ABF system. As designed for the field- 
control motors of the New York Municipal Railway 
rapid transit cars, the motor controller box includes 
the following parts: Two unit switches acting as 
circuit breakers, four unit switches for series 
paralleling the motors, one drum-type reverser, one 
drum-type commutating switch, one current-limit 
relay, one overload relay, one main circuit terminal 
board and one control circuit terminal board. 
Electro-pneumatically operated unit switches, inter- 
focked to secure proper sequence, are used for mak- 
ing main-circuit changes while a commutating 
switch of the drum type, operated by a PK notch- 
ing mechanism, is used to cut out resistance. A 
line relay cut-out permits feeding up of the con- 
trol when power is off the line and the bucking of 
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the motors for emergency braking in case of fail- 
ure of the air brakes. 

The automatic acceleration feature of this con- 
trol is particularly interesting as the action of the 
current-limiting relay is modified by the current 
passing through an auxiliary winding of the relay, 
in such a way as to provide for the same rate of 
acceleration for all loads. The amount of current 
passing through this auxiliary winding is con- 
trolled by a switch operated in connection with 
the variable-load brake mechanism. The adjust- 
ment of this mechanism corresponds directly to the 
deflection of the bolster springs under load. 
Energy for the control circuit is obtained from a 
34-volt storage battery which also furnishes energy 
for emergency car light, signal lights, door inter- 
locks and other special circuits. This control is 
designed for use with the larger motors, those 
on the New York Municipal cars being rated at 
160 hp. on 600 volts. 
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Motor Grouping for “Non- Rheostatic” Control 
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The PC control equipment, recently placed on 
the market by the General Electric Company is an- 
other indirect system designed to secure maximum 
reliability with minimum weight. It is being con- 
structed in a wide range of sizes, and is expected 
to supersede the older forms of General Electric 
indirect control. The important parts of this sys- 
tem are a motor controller and a master controller. 
The motor controller consists of a group of switches 
or contactor units (used for effecting the series 
and parallel groupings of the motors and in cutting 
out resistance), together with a reverser, a circuit- 
breaker and overload, potential and current-limit- 
ing relays, all of these being assembled in a single 
case. The contactors are closed mechanically by 
means of cams mounted on a shaft which is re- 
volved by a rack and pinion. The rack is operated 
by two air cylinders, whose valves are electrically 
controlled by the master controller. All of the con- 
tactor arc-chutes are grouped in one unit similar 
in construction to that used in the ordinary drum 
controller. The circuit-breaker switches are also 
operated pneumatically and controlled electrically. 
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Schematic Diagram and Contactor Sequence for PC Control 


The overload relay operates to de-energize the con- 
trol circuit of these switches in case of excess 
current. When opened by an overload, a reset 
switch must be thrown to close them again. The 
switches are of the unit type and are readily re- 
moved. The reverser is very similar to the drum 
reverser used in a Type K controller, except that it 
is power operated by means of compressed air 
cylinders with electrically controlled valves. 

The master controller is similar in general con- 
struction to that used with the Type M control 
systems built by the same company. It is provided 
with a slip-ring attachment which closes the con- 
trol power circuit when the handle is moved from 
the “off” to the first position, and maintains the 
circuit for any forward motion but opens it if the 
handle is moved back. 

This type of control may be arranged either for 


‘ automatic or hand acceleration, and may receive 


the power for the control circuit either from the 
contact line or storage batteries carried on the car. 
Also, it can be used in connection with large 
motors and can be designed for high-voltage serv- 
ice. The control circuit requires about 0.3 amp. 
per car. As with most modern systems of indi- 
rect control, the power circuit is opened in case 
the motorman removes his hand from the control 
handle and provision may be made also for setting 
the brakes. As compared with the well-known 
Type M control, the parts are greatly reduced in 
number and are grouped into fewer units. Trouble 
from voltage variations is largely eliminated by 
the use of the pneumatically operated switches, 
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Schematic Diagram and Switch Sequence for 
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and the cam operation provides for a positive clos- 
ing of the switches in a fixed sequence regardless 
of how rapidly the operation may take place. Elec- 
trical interlocks on the contactor switches are elim- 
inated. 


“NON-RHEOSTATIC” CONTROL 


From the standpoint of economy and flexibility 
in speed regulation, the “‘non-rheostat” control for 
the four-motor cars of the Pittsburgh Railways is of 
interest. In this system resistance is used on 
only two transition points, the first and the fifth, 
and as there are three running notches the transi- 
tion points are used only for very short intervals 
so that the control is operated practically without 
rheostatic losses. It has been found that motor- 
men make frequent use of the first running notch, 
with motors all in series, when following behind 
slow-moving wagons or when running through con- 
gested traffic. As low speed can be secured on this 
first point, excessive controller operation is avoided, 
and savings in the maintenance costs of control 
equipment, wheels and brakes are effected. Tests 
over an extended interval of time indicate that the 
energy consumption is from 8 per cent to 15 per 
cent less than with a standard series-parallel con- 
trol when used on cars of the same weight operat- 
ing in a similar service. 

The contactor switches for the Pittsburgh cars 
are arranged in two switch group cases, the re- 
duced size of unit thus obtained making it easy 
to mount the groups under the low floor of the car. 
The combinations and connections provide for inter- 
locks on the contactors to establish holding circuits 
whereby the motors are maintained in parallel 
groups while the control handle is being thrown 
to the “off” position, thus affording a closed path 
of low resistance for the discharge of the energy 
stored in the magnetic fields of the motors. The 
use of field control with this system would of 
course add some complication but would result in 
a speed flexibility practically equal to that of the 
steam locomotive. 


CONTROL AND WIRING DETAILS 


The assembly of the various items of control ap- 
paratus into a few groups has materially reduced 
the number of parts usually classed as control de- 
tails. In indirect control for city cars the number 
is often still further reduced by the elimination of 
the train couplers and other control cable details 
necessary for multiple-unit operation. There has 
also been a tendency to group the various auxiliary 
circuit switches on a single switchboard or in a 
cabinet. 

However, the train line cables in some of the new 
rapid transit cars have been complicated by the in- 
clusion of extra wires for the operation of elec- 
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trically controlled brakes, speed-control devices, car 
signal and door interlocking circuits. In the new 
cars of the New York Municipal Railway there are 
eighteen train wires, of which only seven are 
used directly for control purposes, and the wires 
are of extra large cross-section so as to permit the 
multiple-unit operation of a large number of cars. 

With indirect systems, a knife-blade switch of 
the quick-break variety connected between the 
trolley base and main fuse, and located in a box 
under the car or some other convenient place, is 
used to disconnect the main circuit so that the 
motor controller can be operated for test or inspec- 
tion purposes. The use of a main fuse box of the 
magnetic blow-out type is becoming almost univer- 
sal, the accepted form of fuse consisting of a thin 
copper ribbon held at the ends between heavy 
clamps. : 

The recent introduction of steel and. semi-steel 
cars has brought in a new problem in connection 
with control, namely, that of effective insulation of 
the resistance grids from the car frame, and the 
higher contact-line voltages used of late in inter- 
urban service have tended to complicate the prob- 
lem. For this insulation a type of porcelain bolt 
insulator has been developed and this is giving very 
satisfactory service. On the older wooden cars 
more attention is being paid to keeping the rheo- 
stats at a safe distance and properly heat-insulated 
from the combustible material of the car body. 
Improvements in the resistance grids have been 
along the lines of increased reliability and weight 
reduction. Jointless grids drawn from rustproof 
metal have come into some favor, and the newer 
cast grids made of alloy metal are less affected by 
expansion and impact strains and rust than the 
old cast-iron constructions. 

In the earlier attempts to systematize car wir- 
ing and reduce fire hazards, the wires and cables 
were inclosed in wooden conduits, moldings and 
canvas wrapping. With the advent of steel as a 
material for car construction, metal conduit simi- 
lar to that used in interior wiring service came into 
use. Later practice tends toward the use of light 
steel conduit that is enameled, galvanized, sherar- 
dized or treated in some other way to make it rust- 
resisting, the conduit for some of the later cars 
having walls only 1-382 in. thick. In cars designed 
for very light weight there is an increasing ten- 
dency to use some of the fireproof non-metallic 
conduits now on the market. Of these one that has 
been extensively used is made of natural warp 
cotton yarns woven very tightly to give it strength 
and saturated with a waterproof and fireproof com- 
pound. It is more economical than metallic con- 
duit, not only because the price is much less but 
also because no fittings are required, since the non- 
metallic conduit can be bent into any desired posi- 
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tion. The provision of a single wall prevents blis- 
tering and breaking down, and provides a corru- 
gated inner surface permitting wires to be fished 
through without difficulty. The weight of 34 in. 
conduit in this material approximates 0.13 lb. per 
ft., while metal even 1-32 in. thick should weigh 
0.25 lb., including the fittings. 

The arrangement of control details in a few 
groups has greatly simplified the control wiring 
necessary, and there is a tendency to use multi- 
conductor cables for the motor and other current- 
carrying leads instead of single wires. This facili- 
tates the placing of a number of leads in a single 
conduit. For the wiring of lighting and other 
auxiliary circuits, the best practice calls for the 
use of some form of approved conduit, either metal- 
lic or non-metallic, or metal molding together with 
suitable fittings. 

With regard to lightning arresters, it may be 
said that a difficulty experienced with many of 
the earlier types was that the voltage at which the 
arrester would start to discharge was higher than 
the break-down voltage of the insulation of the 
motor windings. _ Other than the remedying of this, 
recent improvements have been in details of con- 
struction rather than the development of new prin- 
ciples of operation. The magnetic blow-out types 
are still very popular for car service, and a form 
of condenser arrester seems to be meeting with 
some favor. 

The aluminum-cell type of lightning arrester 
has been adapted for car service, and while it is 
without doubt the most efficient of all the protec- 
tive devices now in use it has not met, as yet, with 
great favor among operating men. Its bulk, first 
cost, and the care necessary in its installation and 
maintenance are the chief objections urged. How- 
ever, several companies have installed it on their 
latest types of cars. Modern arresters are more sen- 
sitive than the older ones, and far more care is be- 
ing taken in their installation and maintenance. 
There is a tendency to use larger choke coils than 
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were used formerly. The favored location of 
the arrester seems generally to be on the roof of 
the car. 


CONTROL CIRCUIT AND Door INTERLOCKING 


In an effort to promote safety and accelerate 
traffic, several methods of interlocking the car 
doors and the control system have been devised. 
Generally speaking, any of these schemes is appli- 
cable, as far as principle is concerned, to any sys- 
tem of indirect control as well as to the system of 
modified direct control. The door apparatus con- 
sists of a wooden rod attached to the door and upon 
which is a brass ferrule. When the door is closed 
this ferrule engages with a pair of contactors 
which form a part of the circuit energizing the 
contactor, or line switch in the motor control. In 
any position of the door, except tightly closed, these 
contactors engage with the wooden surface of the 
rod and not with the brass ferrule. Consequently, 
the contactor control circuit is open and the con- 
tactor itself cannot be closed, but when the door 
is shut the control circuit is complete and the 
motors are under the control of the motorman. 
This enables a motorman to set his controller 
handle on the starting position immediately after 
a door is opened at a stop. Then, when the door 
closes, the car starts ahead at once without any 
signal from the conductor. Frequently switches 
are provided that operate in connection with the 
conductors’ emergency brake valve. The opera- 
tion of this valve, therefore, shuts off the power 
as well as sets the brakes, and eliminates the cur- 
rent surge that would result if the motors pulled 
against the brakes until the overload relay tripped. 

Such interlocking devices, by permitting a quick 
start after passengers are loaded, have a very 
marked effect in speeding up traffic. They elimi- 
nate to a large extent the need of a signal system 
for the conductor, and by requiring the door to be 
shut before the car can be started, reduce the 
number of door and step accidents. 


Current Collection and 
Utilization 


Large-diameter trolley wheels for high-speed cars, air-retrieving trolley bases, and the introduction of 


a sliding shoe in place of the trolley wheel constitute 
with current collection. 


the most important recent innovations in connection 


For promoting efficient utilization of current, new devices such as the air-brake 


and control interlock, the mercury-float wattmeter and the coasting clock have provided means for econo- 


mies that have been reported in some instances to be 


ECENT developments have been few in con- 
nection with the collection of propulsion cur- 
rent for electric railway cars. In city service 
the length of time during which the wheeled trolley 
has been universally standard has practically lim- 
ited changes to matters of detail, and even in re- 
gard to details, the introduction of innovations has 
been exceptional. The problem of efficient utiliza- 
tion of the current collected by these several means, 
however, had been almost unconsidered until about 
three years ago, and the remarkable growth of in- 
terest in the subject of economy in current consump- 
tion since that time is one of the really striking 
features of modern electric railway practice. 
Equipment that is installed on electric railway 
cars as a means to this end may be classed under 
two general headings, namely, direct-acting de- 
vices that definitely prevent the waste of current, 
and apparatus designed merely to serve as a check 
upon the efficiency of the motorman. In the former 
class are included the several well-known mechanical 
controller regulators, which, however, seem gen- 


25 per cent of the total energy that is consumed. 


erally to have lost in popularity of late, and also 
field-control, non-rheostat control and the various 
means for producing automatic acceleration which 
have been already touched upon in the previous 
chapters on motors and control equipment. 

In addition, there has appeared a simple but very 
effective device called an air-brake and control in- 
terlock which prevents the working of current 
through the motors until the brakes are fully re- 
leased. This apparatus was developed some two 
years ago on the New York, Westchester & Boston 
Railway not only to save current, but to reduce 
heating of motors by over-hasty motormen who fre- 
quently apply power before the brakes are released 
after a sudden slow-down. It consists of a plain 
switch that is placed in the main control circuit of 
the indirect control system and is operated by a 
small air cylinder directly connected by a small 
pipe to the brake cylinder on the car. Therefore, 
when any air pressure exists in the brake cylinder, 
the switch is held open by this pressure which acts 
on the switch-operating cylinder, and current can- 
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not be applied to the motors. But when the air- 
brakes are fully released the switch is closed by a 
spring, and the control is operative as under or- 
dinary conditions. 

Devices that furnish a check upon the motorman’s 
methods of handling the controller are available in 
the form of wattmeters and ammeters, which meas- 
ure the current consumption directly, and coasting 
clocks, power-mileage meters and current-time 
clocks, which are designed to provide a measure of 
the efficiency of the motorman in his utilization of 
power. Of these several devices the wattmeter and 
the coasting clock are by far the most prominent, 
and it seems likely, in fact, that eventually one or 
the other will be installed as an indispensable part 
of every car equipment. 

The wattmeter in its latest form is typical of the 
electric instruments used in powerhouse operation, 
being provided with mercury-float bearings to 
eliminate the disturbing effect of the vibration 
found in railway-car service. With it is provided 
a registering apparatus whereby the machine issues 
a printed record of the energy that is consumed, 
the recording mechanism being set when the run 
begins and the printed slip withdrawn and turned 
in by the motorman when the run is completed. The 
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Air-Brake-and-Control Interlock 


advantage peculiar to this equipment is, obviously, 
its simplicity. It gives direct readings of the energy 
consumption, so that such savings in energy as the 
motorman may make are recorded without interposi- 
tion of other factors. 

The coaster clock, which is designed to record 
the time spent in coasting, or permitting the car 
to run by momentum without using power, is based 
upon the principle that, for any given-cycle of move- 
ment between two stops, the percentage of coasting 
time approximates the percentage of energy saved 
over the amount which would have been consumed 
if the cycle had been made without any coasting 
whatsoever. The device, therefore, does not provide 
a direct measure of energy consumption, but is de- 
signed to register the relative efficiency of different 
motormen on any particular run. The advantage of 
such indirect measurements is that they are inde- 
pendent of some of the variable factors in energy 
consumption such as the weight of car. It might 
be remarked here that, in its latest form, the coaster 
clock has been very greatly elaborated, so that it 
now provides important information on traffic mat- 
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ters as well as on the utilization of current. On the 
slip that is withdrawn from the clock and turned in 
by the motorman at the end of his run there is 
printed separately for each trip the number of 
stops, the total time stopped, the coasting time, the 
badge number of the motorman and the car number. 

The savings that may be made by the consistent 
use of either the wattmeter or the coasting clock 
are literally enormous, reaching a maximum in city 
service, where the frequent movements of the con- 
troller offer a wide field for the exercise of judg- 
ment on the part of the motorman. Where no such 
equipment is installed there is, of course, no chance 
whatsoever for knowing how much energy is being 
wasted, and except in cases where special attention 
is paid to the subject, and instructors or traveling 
motormen are employed, the introduction of the ap- 
paratus seems generally to reduce the energy con- 
sumption by at least 10 per cent. In extreme cases 
savings of the order of 25 per cent have been re- 
ported, but these figures apply only to city service, 
and for interurban runs a range between 5 per cent 
and 10 per cent appears to be representative. 

However, with the assumption that a minimum 
figure of 10 per cent for city service is conserva- 
tive, it is possible to approximate the savings that 
may be effected. In the case of a city car weighing 
with load, say, 20 tons and making, say, 20,000 
miles during the year, the annual energy consump- 
tion, at 125 watt-hr. per ton mile, would be 50,000 
kw.-hr., and with a power cost at the car amounting 
to, say, 144 cents per kw.-hr., the total annual ex- 
pense for power would be $750. The saving of 10 
per cent of this sum annually which should be 
brought about by the introduction of energy-check- 
ing apparatus would, therefore, be sufficient to 
make a wattmeter on each car pay for itself in about 
nine months, or a coasting clock in about twice 
that time. Clearly enough, this opportunity for 
economy is one of the most important that has been 
presented to the electric railway industry, especial- 
ly in view of the fact that all the above assumptions 
are conservatively low. 


CURRENT COLLECTION BY TROLLEY 


In connection with current collection for city and 
interurban cars, for which the wheeled trolley is 
practically standard on account of its simplicity, 
ruggedness and ability to operate satisfactorily 
with a festooned contact wire, the most radical re- 
cent development in design lies in the numerous 
experiments with wheels of extremely large diame- 
ter. This idea has been based upon the obvious prin- 
ciple that wear decreases as the wheel diameter in- 
ereases. On the Oakland, Antioch & Eastern Rail- 
way the introduction of 10-in. trolley wheels three 
years ago were reported to have practically elimi- 
nated serious difficulties of jumping and burning, 
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and gave a wheel life of the order of 5,500 miles, as 
against the 4,000 miles that may be said to repre- 
sent an average life in high-speed interurban serv- 
ice. At the same time the 10-in. wheel was said to 
have normally collected 900 amp. for thirty min- 
utes continuously without heating, the pressure 
against the contact wire being 35 lb. 

The large wheel, however, does not appear to have 
any field in city service, where 414-in. diameters are 
very frequently used. The reason is that the weight 
of the wheel appears to be of vital importance be- 
cause of the influence of inertia on the ability of 
the wheel to follow irregularities in the wire. Thus, 
a weight of about 3 lb., which might be expected 
with a small wheel, obviously should follow irregu- 
larities in a fairly rigid overhead construction better 


Wattmeter Located to Permit Direct Reading by Motorman 


than the 1014-lb., 10-in. wheel above mentioned, al- 
though, of course, when there is much “give” in the 
contact wire this advantage is clearly reduced. In 
addition, the question of wheel life in city service is 
of much less importance than it is with high-speed 
cars, since mileages of 20,000 are common. 
However, neither the small wheel for city serv- 
ice nor the extremely large wheel in high-speed 
operation receives universal support, this being ex- 
emplified by the belief of one prominent maker of 
trolley equipment to the effect that a 6-in. wheel 
produces best final results for all purposes and con- 
ditions of service. This is based upon the idea that 
with a slowly-revolving wheel there will be pro- 
vided better contact, greater reliability in holding 
the wire and less lubrication. Thus, a 6-in. wheel 
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has been found to give nearly double the mileage of 
one 414-in. in diameter, and it involves only half the 
expense for changing and oiling wheels, while the 
price of the large wheel is less than double that of 
the small one. 
than 6 in. is used the increase in weight, without 
giving any more wearing surface, is too great to 
be carried on the end of a trolley pole, the tension 
having to be increased to a point such that, if the 
wheel should leave the wire the overhead construc- 
tion would be badly damaged. 


TROLLEY EQUIPMENT DETAILS 


An attempt to eliminate altogether this mooced 
question of trolley-wheel diameter has been made 
very recently by the introduction of a grooved slid- 


Coasting Recorder Mounted in Motorman’s Cab 


ing shoe for the customary wheel. This has a spe- 
cially-hardened steel contact piece set at the bot- 
tom of a grooved housing, which is mounted on 
trunnions to permit the shoe always to rest flat 
against the trolley wire. The object in the use of 
steel for the contact piece is to reduce friction and 
wear on the copper contact wire, the length of bear- 
ing of about 6 in. permitting the low contact pres- 
sure of 18 lb. without causing arcs. Shoe mileages 
of 10,000 are reported, and it is said that microme- 
ter measurements indicate the wear on the contact 
wire to be no greater than the standard wheel on 
tangents, and actually less on curves, possibly be- 
cause the shoe clings to the wire better. 

Trolley harps, in the general form, have become 
quite thoroughly standardized, the important char- 


However, when a diameter larger 
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Air-Retrieving Trolley Base 


acteristics being ample lubrication for the pin on 
which the wheel rotates, and good sliding contact 
between the sides of the wheel hub and the flat- 
spring shunts that are attached to the sides of the 
harp. Ears for the harp appear in many instances 
for the purpose of preventing the wire from being 
caught anywhere but in the groove of the wheel. 
For the trolley base, whose primary function is to 
provide free motion for the trolley pole, as well as 
to support it, ball-bearing and roller-bearing designs 
have come into very general use. 

Recently an air-retrieving trolley base has been 
developed to take the place of the various commonly- 
used trolley catchers and retrievers which are 
mounted on the rear dash, and which operate in 
general by the action of centrifugal force on a 
series of dogs and latches within a drum over 
which the trolley rope is wound. The air-retrieving 
base, however, depends upon the action of main 
reservoir pressure in a cylinder cast integral with 
the revolving part of the ball-bearing base, the 
piston within this being connected to the trolley 
pole. The pole is normally held against the wire by 


tension springs, and small breathing ports in the. 


cylinder permit the piston to make gradual move- 
ments with perfect freedom; but if the wheel leaves 


Detachable Third-Rail Shoe for Under-Running or 
Over-Running Contact Rail 


ELECTRIC RAILWAY JOURNAL 


| 661 


the wire the sudden movement compresses the air 
in back of the piston, and opens a differential valve 
in the cylinder head, the small section of the differ- 
ential valve opening a passageway from the main 
reservoir into the cylinder so that the pole is pressed 
down against the spring tension. An air cushion 


is provided to prevent damage to the roof from the 
rapid movement of the pole, and there is a locking 
device to prevent the retriever pole from swinging 
laterally. Release is effected by a valve in the pipe 
_ connecting the base to the main reservoir. 


PANTOGRAPHS AND THIRD-RAIL SHOES 


With pantograph collectors, almost the only fea- 
ture that has not become standard is the contact 
surface. Both rollers and flat pans have been in- 
stalled at comparatively recent dates, and on direct- 
current the former have given a life for the shoes of 
steel tube ranging between 20,000 miles and 50,000 
miles. Roller bearings for the rollers, however, ap- 
pear to be neces- 
sary, and as this in- 
creases the cost ma- 
terially, the  ten- 
dency at present ap- 
pears to be to pre- 
fer the simpler de- 
sign of a plain con- 
tact pan, ordinarily 
about 4 ft. long and 
with curved alumi- 
num horns at each 
end. Light weight 
is, of course, an es- 
sential to permit the 
shoe to follow close- 
ly any irregularities 
in the overhead 
wire, and in one of 
the latest designs the shoe is carried on auxiliary 
spiral springs seated on the pantograph frame, 
so that small movements do not affect the 
framework as a whole, but only the mass of the shoe 
itself. To meet the demand for light weight, shoes 
have been made of metal as thin as 1/16 in., weigh- 
ing only 7 lb. The same idea of light weight ap- 
pears in the use of steel tubing of No. 22 gage for 
the pantograph arms, and under these conditions 
vertical pressures of only 10 lb. between the shoe 
and contact wire (measured when the shoe is being 
pressed down) have been permitted. 

Both the material of which the contact surface is 
made and the life of the shoe display very great 
diversity in modern installations. Black steel shoes 
1/16 in. thick, working against a steel contact wire 
that carries alternating current, have had a life ap- 
proximately 2,500 miles, while 1/8-in. shoes on direct 
current have been reported to have attained 25,000 
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Roller-Type and Pan-Type Collectors for Pantograph Frames 


miles. Strange to say, considerably less mileage 
than this has been reported where steel shoes work 
against copper wires. In the latest installation of 
pantographs, however, copper against copper has 
been adopted as the result of exhaustive tests, but at 
the present time insufficient data are available to 
establish the life with the combination. The ques- 
tion of greasing the shoe, also, is still altogether 
unsettled, since some railways have dispensed with 
lubrication of every kind for the contact surface, 
and state that no difference in wear is discernible, 
while others claim the use of grease to be almost an 
essential to reasonably long life for shoes. 

In the design of third-rail shoes the only im- 
provement of note that has been developed is the 
attachment of the shoe proper to the supporting 
bracket only by the pressure of a short spring, so 
that if the projecting shoe strikes an obstruction, 
or catches in the third rail, it is knocked free from 
the bracket without breaking the latter. Under 
such circumstances the shoe itself is seldom dam- 
aged, and if it is picked up from the side of the 


_ against the rail. 


track and turned in at the shop it may be used in 
another car. The arrangement involves the use of 
a shoe which is practically flat, but which has three 
extensions at the inside for the support. The outer 
two sections are bent downward at an angle, and 
the ends rest in short troughs formed at the sides 
of the supporting bracket. The center-portion of 
the bracket is open, and a spring extends from the 
beam on which the bracket is carried to the central 
extension of the shoe. When the shoe is over-run- 
ning, as is the case on the Hudson & Manhattan 
Railroad, where the design was developed; the spring 
seat is placed outside of the line of support at the 
ends of the curved extensions and the spring thus 
holds the outboard portion of the shoes downward 
When an under-running shoe is 
desired, the spring seat is moved inward until the 
contact surface of the shoe tends to rise. No bolts 
are necessary, and to remove the shoe the curved 
extensions are merely pulled out of the troughs 
against the pressure of the spring. No lubrication 
is needed, and no shunts are required. 


Large illustrations of street scenes and other views appear on various pages of this 
publication. For the information of those who may be interested the 
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Car Trucks and Specialties 


As for truck development—the 
modern single-motor type and the 
“Radiax” among other Brill trucks; 
the Graduated Spring System, the 
Bolster Guide, the Side Swing 
Dampener, the Half-Ball Brake 
Hanger, and other features have 
been introduced in recent years and 
together they mark the progress of 
safety, easy riding, and the reduced 
cost of maintenance. 
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was first introduced at the 1911 
Atlantic City Convention. G 
It was a pioneer then; it is the 

standard of excellence for the e entire 


GE Gy 
Ventilated Railway 

Motor: used on 
one-man cars 


a | 


GE Ventilated Railway 
Motor used on the 
Chicago, Milwaukee 
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